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INTRODUCTION 


In North America and elsewhere in the industrialized world we have placed 
a high priority on convenience and consumer goods. The conflicts between 
consumption patterns, the growth which many people want and the environ- 
menial degradation which we all would like to avoid is, perhaps, sharper 
for the consumption of energy than for any other resource. Everyone wants 
to use as much electricity as he needs, whenever he wants it, yet, few 
people like the sight of a power plant with its discharges into the environ- 
ment or its transmission lines. Similarly, nearly everyone desires an 
automobile or two for his own transportation, yet no one consciously wishes 
to contribute to air pollution or traffic congestion. Because of the 
growing opposition in North America to the location of power plants and 
opposition to the expansion of freeway systems in our urban areas, it must 
be concluded that, for an increasing number of people, these services are 
no lonaer acceptable, under the terms offered. The general public is 


becomina aware of the hidden costs of degrading the environment. 


The use or conversion of eneray completely pervades our daily lives and at 

the same time poses almost every type of environmental problem we face. 

There is probably no more important sinale area for which environmental 
protection and long-range planning should be emphasized than in the use 

of our energy resources. Although it is not possible to eliminate all Runs 
environmental effects from energy use, it is practical to minimize these 
effects by long-range planning, selective siting, careful desiqn and con- 


struction, optimizina operating practices and incorporating new techno- 


loay as it evolves. 
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Until quite recently the selection of fuel for any use was only a matter 
of choosing one with the lowest apparent cost. Our rising environmental 
concerns have altered the traditional concept of what is desirable. Today, 
selecting a fuel involves considering the effects on the air, water and 
land of (1) obtaining it, (2) processing and transporting it and (3) utili- 
zing it. This presents a multitude of complex problems, since the primary 
energy sources, coal, oi], natural gas, nuclear fuel and hydraulic power 
have vastly different environmental effects. Consequently, trade-off 
decisions which should be made between the different eneray sources to 
minimize the environmental impact are not at all straight-forward or easy. 
Based on the technical trends rough cost estimates may be made for pollution 
control in the future. However, it is not possible to quantify the hidden 
costs of pollution and estimate the price of continuing as we have in the 


past. 


There are two general approaches to our environmental problems. The first 
proposes that technological improvements can be made and can reduce the 
environmental impact of eneraqy use to tolerable levels. The second approach 
questions our per capita consumption levels and suqgests population be 
controlled until an ecologically balanced society results. We may in the 
future have to forego some conveniences and pay higher prices for certain 
aoods and services, including eneray if we want a continuing high quality 
of life in a healthy environment. Present-day public opinion appears to 
favour the first approach and the bulk of this report is concerned with 

the means by which this approach may be achievable, inasmuch as it may 


offer the most palatable strategy for the near future. However, a qrowina 
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number of people support the second method, which is now a matter of 


debate involving a basic change in the structure of our society. This 


view will probably gain wider acceptance as more and perhaps irreversi- 


ble changes of the environment are observed. 


I. CONCLUSIONS 


1. Impact of Energy Resource Development 


(i) 


(i7) 


(11h) 


Other countries and provinces will feel the need to implement 
control program on the industries which obtain and process 
fuel, in order to preserve the quality of their own environ- 
ment. This will continue to increase the cost of fuel which 
Ontario purchases from outside the Province over the next two 
decades. 

Preliminary studies indicate that the Onakawana lignite depo- 
sits may be developed with acceptable environmental impact; 
however, a complete and detailed investigation should be made 
before the decision is taken to proceed. The sulfur content 

of the lignite on an equivalent eneraqy basis is about 1 to 2%; 
therefore, sulfur abatement may still be necessary if it is 
used in an urban area as a solid fuel. Liqnite aasification 
near the deposit with appropriate emission controls may be 
carried out in the long-term with an acceptable impact to the 
local environment. The gas produced would be an environmentally 
desirable fuel for Southern Ontario. 

Detailed information on the ecology of the James Bay area is 
sparse. It is believed that the environment is much more fragile 


than Southern Ontario and careful studies are a pre-requisite 
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to large-scale development of the area. 

(iv) Mining and millina of uranium has produced serious water- 
pollution problems in Ontario. Improved waste-handlina 
techniques and control methods using existing technology 
are available and should be promoted. Emission of airborne 
radioactive substances can also be further reduced with 


improved practices. 


ae Impact of Processing and Transporting Fuels 

(i) There exists a potential danger of major oi] spills arisina 
from a collision involving vessels transporting 07] which can 
be of catastrophic consequences to the aquatic environment. 
Although contingency planning to confine, combat and clean-up 
oi] spills are developing rapidly, there remains a hiah dearee 
of vulnerability associated with oj] spills. Oi1 losses by 
themselves represent little financial losses to the owners. 

(ii) Although the chance is remote, a failure of a critical piece 
of equipment at a heavy-water production plant could result 
in the emission of hydrogen sulfide gas in quantities large 
enough to cause a danger to life. Siting of such plants 
should reflect this possibility, and further continaency 
planning to cope with this situation is needed. 

(iii) O71 and qas pipeline construction, cleaning and operational 
practices, in the past, have resulted in an impact on land 
quality due to erosion, the spilling of chemicals, the improper 
use of herbicides and poor clean-up practices. 


(iv) Enriched uranium and fuel reprocessina are not required for the 
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CANDU system. However, future fuel requirements or econo- 


mic conditions could dictate the installation of an enrich- 
ment plant to produce refined uranimum for light-water reactors 
in Ontario or for export and the reprocessina of spent fuel 
rods. Peprocessing and enrichment plants have a high potential 
for producino air-auality and water-quality problems. Environ- 
mental factors should be considered before allowing fuel enrich- 
ment or reprocessing in Ontario. 

Refinina of petroleum products creates a variety of water- and 
air-quality problems. 

(a) O71 and phenols are the major pollutants of waste streams 
discharged into the water. Existing waste loading is expected 
to decrease sianificantly during the next decade as a result 

of the implementation of improved abatement methods. 

(b) Refineries are a major source of hydrocarbon emission into 
the air and contribute in varying dearees to the total atmos- 
pheric emission of sulfur oxides, carbon monoxide, nitroaen 
oxides and particulates. In addition, refineries may be an 
irritating source of malodorous compounds. Refineries are prone 
to violate sulfur dioxide and dustfall imninaement standards. 
The contribution to total carbon monoxide emission is smal] 

and may be expected to decrease as uneconomic operations 

are phased out. 

(c) Hydrocarbon, sulfur dioxide, particulate and nitrogen 
oxide emission may be expected to increase as refinery cana- 
city increases. Sulfur dioxide and particulate emission 


may be controlled so that the Provincial air quality standards 
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are not exceeded in the future. Also hydrocarbon emission 
may be reduced sianificantly. 

(d) Emission of malodorous compounds is a source of 

many complaints. Good household practices and excercisina 
good care in all operations could potentially reduce this 
problem. Due to the complexity of refinery operations, 
process upsets which may result in excessive pollutant 
emission into the air occur relatively frequently. 

(e) Because of the large quantities of oi] handled by 
refineries, there is a sianificant potential for accidental 
oi] spills. Moreover, the distribution system of refinery 
products is a larae source hydrocarbon emissions into the 


atmosphere. 


Impact of Utilization of Fuels and Enerav 


Electrical Power Generation 


Genera] 


(i) 


The charters or terms of reference of electrical-power 
generation oraanizations in North America, both public 
and private, are primarily concerned with producina 
electricity at low cost, and with economic development. 
As a result, the price of electric power like many 
other consumer aoods, does not reflect its total cost 
to the public. A variety of water-quality, air quality 
and land-use effects give rise to real, but hidden 
costs. 

In the past five years power-qeneration companies have 
beaun to recognize their environmental impacts and have 


taken measures to reduce them. However, the necessary techno- 
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logy is still not available to resolve many of 
the environmental problems of electrical power 
production. As a result, further environmental 
degradation will occur over the next decade and 
perhaps beyond due to the exponential growth in 
electrical production. 
(iii) The existing degradation of environmental quality, 
due to eneray use, is localized in extent, but 
will probably become more widespread with increasina 
urbanization of Ontario. The extent to which this 
trend may be overcome in the 1980's will depend 
upon the incentives, forced or induced, to produce 
"clean power". 
Hydroelectric Power 
Electrical power generation from fallina water, produced by 
damming and diverting, has disrupted fish and aquatic 
populations, and in some cases reduced aesthetic values. 
Careful and comolete ecological studies should be carried 
out prior to development of further water resources in Ontario. 
Fossil-Fuel Electric Power 
(i) Fossil-fuel generating plants located in large urban 
areas represent a major contributor to dearaded air 
quality. Solid particulates are effectively controlled 
in Ontario, and the control equipment is now an accepted 
part of the generation equipment. Requlatory aaencies 


are primarily concerned, at present, about the sulfur 
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dioxide emissions from fossil-fuel plants. There is 
also increasing interest in future control of the oxides 
of nitrogen as well as heavy metals emission. 

(ii) Sulfur emission controls will be necessary in some 
generating stations to achieve the specified ambient 
SO. levels over the next two decades. Substitutina 
low-sulfur fuel and mechanical or chemical coal 
cleaning offers little lona-range potential for 
reducing sulfur emissions. Flue-aas desulfurization 
may be practical by the end of this decade and provide 
sufficient sulfur removal which together with the proper 
siting of plants will allow the ambient SO. air 
standards to be achieved through 1991. Flue-qas 
desulfurization will increase power costs by 10 to 
25%. Coal gasification appears to have the best 
lona-range potential for reducina sulfur emissions. 

The United States has undertaken a significant effort 
to develop this process as a means of producing an 
environmentally clean fuel. The technoloay, if not the 
coal aas itself, may be exported to Ontario. 

(iii) Natural aas is an environmentally desirable fuel. Its 
limited supply would appear to dictate that it be 
conservatively used in applications where other sulfur 
abatement methods would be prohibitively expensive 


or not presently available. 


eo ee 


ay af 
» ta Ve 


ve . 
sa hacleal 44a 
abba silt oy tone 


7 


> i] 
3. 2 a — 
nos wih ae 4 


iol a ee stu 7 


Moteeins: ohare vyeot? 26 


1 
comes on’ wreoeaten ad (fiw alonsine nereeing 


tire t trae a 


5 ) + ’ L ‘ 


nares t+ ach yt xen ong 1avO tevat mid 


i = ? (3 } ’ \ ve DetF - ' niitfne-aot 


; ; vie ; sere t, peaeiy antrsats 
: w,? 


Pyar bere eels +n. ie >. Piya eh We 
s 
. * _- 
equate arty - : net 4 avivie, tutlya snersre tue 
vin t seni wolfe Fi weet oO gates 


bis rps dans | ‘a - fairs | WwhrsaFe 


ag of vd . peesXont iF A 


et =| 44 er ar oe er r 7 wt 


oe . ac tet - ig . 4 F » ary Ae y= net ‘ 4 


4 a 
a 
4 > aed F . % Se hw? reels afl ¥ ew 
TA “rt? er 7 \ ‘ a ei ; 73 ft iL’. j woh ot 1. 
; : - 
+ * , =e - , { - * , + 2 » 
aay 31 t , uno lonn: vt weet wrth Tay Fyre ©: 
_ : 
{ 
’ ——— a . : : 
7 Ores a : nx of 6 4aet?’ vers Oa 
aa 69) ; 


| . - aot 7 faye leg ; al hes ie) ale Mak TD Be >?) aan Tem tel OF 


: ; bin) 
4 ; aA 1 ec at<2 " ae oy ~ 7 het om : 4 
: : : 7 ‘et ‘ . vc Ta mit 


Vi 
1 Yor Mie vege . 


gy) treme y! 


(iv) Controls of the emissions of the oxides of nitrogen 
from many stationary sources may be exnected by the 
end of this decade. The necessity of controllina this air 
pollutant from power generation plants may be largely 
dictated by the success of the abatement proaram 
underway for automotive sources. Reductions in these 
emissions up to perhans 50% can be presently achieved, 
but technology is developing very slowly for the hiaher 
degree of removal of oxides of nitrogen. 

(v) Coal- and oi1-fueled plants emit heavy metals and 
radioactive substances into the air due to impurities 
in fuel. At the present time, the contribution of 
these pollutants from fuel burning cannot be distinauished 
from the background ambient level arising from other 
sources. These substances may have sianificant health 
and environmental effects and may represent a potential 
long-range hazard. 

(vi) Apart from waste-heat disposal, fossil-fuel plants 
impact water quality through the addition of 
slimicides and other chemicals to the water, by 
drainage problems around coal storage piles and by 
minor 011 snills. Also, wind-blown coal dust gives 
rise to air-quality problems. All of these problems 
should be manaqeable in the future. 

3.1.4 Nuclear Electric Power 


(i) The risk of a severe environmental impact due to a 
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(ii) 


catastrophic failure at a nuclear power station is 

very small. At present it is not possible to weiah 

it in comparison to the lonq-term environmental 

effects of fossil-fuel plants. 

The water and air radioactive emission of nuclear plants 
on an annual basis are only 1 to 10% of the current 
allowable release limits. The present limits provide 

the possibility for less rigorous control of emission 

of radioactive products by the industry which could result 


in needless exposure of the public to radiation. 


Sts O Disposal of Thermal Wastes 


(i) 


(ii) 


Both nuclear and fossil-fuel plants must dispose 

of up to 70% of their input eneray as waste heat. 

At the present time, this is primarily achieved in 

Ontario by dischargina heated cooling water into lake 
waters. The discharge of waste heat into the 

environment will increase proportionally to the increase 

in eneray consumed by electrical power qeneration 
facilities. Moreover, the quantities of cooling water needed 
are tremendous, and there is concern that their use 

may alter circulatory patterns in some lake areas. 

Although the utilization of waste heat is hiahly desirable, 
the prospects of its beneficial use with existing plants 
are dim except in very limited ways. For future power 


stations, a completely revised plant desian concent would 
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(iii) 


have to be intearated with a particular concept for 
waste-heat utilization. Coolina water would probably 
have to be discharged at higher temperatures and 
consequently the plant efficiency considerably reduced 
to find reasonable uses of waste heat. 

Up to the year 2000, significant increases of the 
temperatures of Lakes Ontario, Huron and Superior, 

due to the rejection of waste heat, may occur near 

the shoreline in the vicinity of once-throuah, 
water-cooled generating stations. Shoreline regions, 
however, are particularly important to the ecosystem 
of the entire lake. The future siting of plants, 

using once-through coolina, may alter certain desirable 
aspects of the aquatic environment up to 3 to 5 miles 
from the plant. However, in certain areas the discharaqe 
of heated water can also provide beneficial effects 

by improvina circulation patterns, and by increasing 
the recreational potential, if other pollutants are 


absent. 


Any further addition of waste heat in the western and 

central basins of Lake Erie is undesirable. Several 

portions of Lake Erie already have serious water- 

quality problems which would be compounded by further 

heat addition. There is a possibility that the International 


Joint Commission may recommend a restriction on waste-heat 


eee 


\* 
7 


- 7 2) " /. bd ; 
Ftdaiine Turn) welhw patton 
tet ted 


MOF 3 aie 


brs eonterstos Wail a an sional 16 


bs fineohrong7. vane I Ot MS Jneiy say y fai aves 


7 © 


w ‘ ‘ ‘ 
; if 
. ; O77 H pees fi ANOEBRS bat 


sd aietcnt shedones ak aa w 
Prgoue bits rowel /¢ i 2ene)' 79 sont : 
wi vit ony iA 1f4 4 . 4 | »eorte af 
D : ” he 

ae * 
ometoby “ai AH “1 s ert) deve afom- tata - 

Neha o 


a sais fie Cusp Perens ; joven 


‘ 
Panta avuay 4 otet avitog ont Jer 


faetie feta SOV Oris. Tal Nor gw basead 79 he , 
; ha , 


. 
net seca p vy Be manent 427 pebyorge? va tis 


“J 


130 

i if > ; ‘ (tess CQ +P ij TAS kB ate 
_ ; - 
va 


hits on ieaw ont OF TRAM ¢ ae oe “hha? ved : 

‘ee | | ee a 

lesove?) side fesiou 2) oma s ‘oO antend (andes 

A as : 

( V9] Ay. RUNES? ‘baatig si] alb) to enoteyog” 
; f 


yorliry? vo babhavenmead ad. bl wow tohew amet hfsup 


Reo ibis a? tent, vat Lidie 200. 5 dj avait An? 
i ‘ Palas 


{ , i 
7 - A yy = ‘ ; ' 
ae b. no! af Wee: 2 ute mie) Yom ibaca 


Fiat Pp ; 


disposal and/or temperature rise in the waters 

of the Great Lakes. If accepted by Ontario this 
would significantly affect present and future 

power stations located on the lakes. 

Large evaporative wet coolina-towers may be an 
alternative to once-through coolina systems. They 
are not expected to cause fog or ice problems except 
in their immediate vicinity, when unusual atmospheric 
conditions exist. A buffer zone around the station 
site would minimize the impact of this problem. The 
winter temperatures in Ontario could result in 
larger and persistent vapour plumes. The environ- 


mental impact of such plumes should be studied. 


Impact of Land Use 


(1) 


There is increasing public concern about the 
"aesthetic impact" of freeways, transmission lines, 
tall stacks, etc. There will be concern about the 
aesthetics of coolina towers. Public education as 
to the alternatives may increase their acceptance. 
Transmission line rights-of-way or limited access 
highways may use land areas up to about 100 acres 
per mile. Energy corridors (combined access of 
transmission lines, pipelines, rail lines) may 

make better overall use of the land, but are 
difficult to achieve. Inasmuch as fossil-fuel plants 


contribute areatly to urban air-quality degradation 
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(44) 


(ii) 


(iv) 


and all pollutant emission cannot be adequately 
controlled at present isolated power stations with the 
attendant price of longer transmission lines are the 
better environmental strateqy provided that the 
transmission lines are planned for minimum impact. 
Completely cleared rights-of-way have adversely 
affected forest, recreational, wildlife and historic 
areas. Improved planning considering scenic and 
aesthetic values, wildlife habitat and multi-purpose 
uses is possible at this time. 

Hydroelectric development has decreased the mileaae 
of "wild rivers" in Ontario, altered aquatic life and 
migration, changed river beds and altered the 
surrounding landscape. Some water-power developments, 
however, have been beneficial in providina additional 
recreational values in the areas involved. 

The disposal of radioactive wastes, as well as chemical 
compounds formed in future flue-gas cleaning methods, 
will produce increasing problems in the future. 
Immediate attention should be given to the lona-ranae 


radioactive disposal problems for Ontario. 


ce ey Comparisons 


(i) 


The environmental impact of nuclear, fossil-fuel or 
hydro power plants is a matter of local and reaional 
concern. It is not possible, at the present time, to 


adequately control all of their environmental problems 
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(iii) 


by application of existing technology. Consequently, 
conservation of electricity can reduce the qrowina 
deqradation of our environmental quality. Advertisina 
and public education directed toward conservation of 
electricity decreases the demand 1 to 2% for one U.S. 
power company. Although this is smal] in terms of total 
capacity it represents 15 to 20% decrease of the mean 
growth rate of 7% per year. 

Hydroelectric plants cannot satisfy the future demand 
for power. Thermal plants usina natural qas have a 
comparatively low environmental impact, but the limited 
supplies of natural gas preclude their use in the future 
except in special problem areas. 

The basic choice for power generation which can supply 
the need at present is between (1) nuclear, (2) coal - or 
(3) oi]-fuel plants. A CANDU nuclear plant appears to 
offer the lowest overall impact to the environment of 
these choices when all factors are compared. 

It is difficult to compare the hidden cost of pollutant 
emission from power generatina sources with the cost of 
environmentally clean eneray. All of the needed inform- 
ation is not available for Ontario. However, as one examnle, 
in the U.S.A. it has been estimated that total cost to 
human health, vegetation, materials and property is 10¢ ner 


lb of sulfur dioxide emitted. 


Transportation Uses 
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Automotive 


(i) 


(ii) 


In terms of total tonnage of pollutants emitted into the 
air, automobiles and trucks represent the laraest single 
type of air pollution source. They account for about 
half of the total air pollutants in almost all larae 

urban areas in North America. However, their primary 
contribution is carbon monoxide which is, in general, 

not as harmful as other pollutants. Automobiles also 
emit large quantities of hydrocarbons, nitrogen oxides 

and lead into the air and may contribute substantially 

to the formation of photochemical smoa in urban areas 
under certain meteorological and sunlicht conditions. fir- 
borne = lead from automotive sources constitutes a lono- 
term health hazard if not abated. Also, lead fall out 
from automotive sources constitutes a potential health 
hazard to humans due to contamination of fruits, crops 

and veaetable qrown near hiahways of hiah traffic density. 
Automotive vehicles also cause in an indirect way a 
number of other pollution problems. The disposal of waste 
oil is of some concern. In large urban areas, waste oi] 
is collected and returned to refineries, but oil] disposal 
in small communities is a problem. il and arease drip- 
ping from vehicles onto the streets and roads can be washed 
into the waterways. The practice of snow disposal into 
water bodies together with the increasing use of salt on 
the roads to keep them passable is becoming of increasina 


concern as to the effect of chlorides, suspended solids, 
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(iii) 


(iv) 


organic matter and lead from this source on water quality. 
A number of emission controls have been installed on auto- 
mobiles since 1968. These have been directed toward the 
reduction of hydrocarbon and carbon monoxide emissions 

and the emissions of these pollutants have been reduced 
upto 80% on present-day new vehicles. Without further 
controls the emission of automotive pollutants will more 
than double during the next two decades. Abatement of the 
emissions of the nitrogen oxides is the remaining problem 
and subject of considerable controversy. 

Due to federal leaislation automotive pollutant emission 
will be sianificantly reduced during the next fifteen years, 
but will increase aqain after 1985 as a result of an ever 
increasing vehicle population. The Canadian Governnent 
has adopted the same standards and quidelines as the U.S., 
which will require extensive abatement of nitrogen oxides 
on 1976 models. The U.S. automotive abatement program in 
part is based upon reducing the potential for photochemical 
smog. The abatement of nitrogen oxide emissions will in 
all likelihood require catalytic converters. This will add 
about $300 - $600 to the cost of the 1976 models, and 
represent a total cost of about $100 million to new car 
buyers each year in Ontario. Photochemical smoq does not 
routinely occur in Ontario or elsewhere in Canada. Con- 
sequently, there is a debate as to whether controls needed 
in Southern California are needed in Canada or elsewhere 
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(vi) 


(vii) 


(viii 
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Natural gas or propane powered vehicles have reduced exhaust 
emissions. The use of these fuels in urban areas is econo- 
mically feasible and desirable especially for fleets of vehicles. 
An extended use of bicycles within the city cores will reduce 
traffic congestion and automotive emissions in these areas on 

a seasonal basis. 

Alternatives to the Internal Combustion engine (ICE) are being 
explored. However, no large scale replacement of the ICE may 

be expected until the 1980's. The concept of a low pollution 
urban vehicle is being pursued. This topic is more fully reported 
in another study carried out for the Advisory Committee on Eneray. 
Vehicles also aive rise to serious noise problems both in urban 
and rural areas. Noise control is inefficient unless noise emis- 
sion is controlled at the source. Noise barriers adjacent to 
busy highways have proved to be ineffective. Unless effective 
noise controls are implemented, noise levels in all communities 
may be expected to increase in the future as the population of 
vehicles increases. Moreover, the serious noise problems adja- 
cent to freeways, busy streets, stop and go truck routes and 
airports will also increase. 

Automobiles are the least efficient means of urban transportation. 
Their widespread use by urban commuters results in heavy rush- 
hour traffic and a significant contribution to the overall air 
pollution in urban areas. The impact of the automobile in rural 
areas is not as serious as in urban areas by virtue of their 


lower numbers and lower traffic density. 


esi gee 


+a i al wa te 
ad inti 
AY ” = i 


mF: eomne ‘hs ord pn atl ” ‘estaigte Me 


| 
baie 
ms agave. deen ni Saoheethme avtvign ayos «biG nodes “aca Ft 
a | en 


: aa rte Ta in 


= ; 4 ; 

Pad oh 1921) onfone oo faunal Teretel ony pe avid ait 

7 7 ; j Tes oF 

NM SDT ety Fo diomessioow of sn2 sprel ‘on , yovewsll 

ve % ra = am : 

“-” poldulfod wel & to Fragevo 9d 2'NnAeT afd | Sny DeTORS 28 
: 

, 

stone vifut swe ; y are’ § ,Ssdese nated eh afardey 


Fists’ 


y ke 


ve ers. Sil twams vio2tvh oh STV TS2 WwT2 *orTqns ar 

i. 

nates At A ete Fide 5. i, = , a “¢ +: 
FOU aly 2 cor may Sete et '=7 : ¢ 7 3 Oo? \ isloriay of 

Ti aan ms 


a 


-2tm o2'on goatee tawko hs? t fangnes ooh aces Teeud tae 


Of msa6ibs evetwred soto ovine a4% 26 BeTliviney eh pele 


Syr3o * 0 7 "OY : % af $6 M4 &y ‘ ewe wry veud ee 
j i 
i 
zoo rmuenon fhe a4 wal % ‘ foutnos e2fow | 
: tt) 
Fe Prey, ft ’ q c . . 


4 2 . ; he? bd 7 sacs ad ven 


he oma! : Pro Buns j ) we | HPL875 +f eniatiev 


MIFAIioucIKTT AA TA Sisem. deli iete 45 gel wii 
weer vvsed ft 23 luce evetwnee nei we 
e VY : 
g r 7 A i 
sta flavevo off-a¢ gol sudlvends $rsoht rAnhe 8 bre 


rT 
Tew nf ii tduomotve eH¥ 2s Sant aiiT SRE 


“ist ty audvty. v4 iene wédwy AP oe “ipl ya 


Se se Aviation 


(i) 


(44) 


The emission of pollutants by aircraft in an urban area is 
only 1 - 2% of the total pollutant emission by transport- 
ation sources. fdors and particulates (smoke) at airports 
and vicinity are the most noticeable pollutants. The 
environmental impact of aircraft flyina at hich altitudes 
is not fully understood. However, increased cloud cover 
and increased ultraviolet radiation at the earth's surface 
are two of several possibilities which could affect weather 
and the balance of nature. 

Aircraft noise is a major problem in residential areas 
close to descending and ascending aircrafts. Aircraft 
noise will remain high, despite several years of research 
directed to reduce it. Land-use planning and control 
appears to be the key to achieving an acceptable solution 


to aircraft and airport noise. 


Sead Mass Transportation 


(i) 


(ii) 


The need for future reductions in total pollution output 
from automotive sources can best be met by increasina 
efforts to provide mass transportation systems of low- 
pollution potential in large urban areas. It is clear 
that rapid mass transportation systems desiqned with low 
noise levels in mind can also effectively reduce urban 
noise levels. 

Mass transit systems must be faster, cheaner and more 
comfortable to the consumer than the use of his own auto- 


mobile in order to provide an incentive for an increased use 
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(iii) 


(iv) 


of the mass transit system. Existing hydro easements, rail 
lines and other rights-of-way may be combined for the deve- 
lopment of urban mass transit systems without exhorbitant 
cost of land. 

The continued arowth of the city and the agqregation of 
people in the downtown core, due to the construction of 
large commercial buildings, will place ever increasina 
demands on urban transportation. There are limits to 
arowth of the present mass transit system in the Toronto 
area, unless a new innovative approach to mass transport- 
ation is taken. At present the Ministry of Transportation 
and Communications is conducting a study of innovative 
approaches to mass transit systems. Such measures could 
play a significant role in reducing pollutant emission 

from automotive sources. 

Planning and expansion of the existing mass transit systems 
in nearly all cities includina Toronto has been consistently 
jnadequate in relation to the rapid growth of the downtown 
city core. 

High speed trains are much more efficient and have a lower 
overall environmental impact than airplanes for moving 


people or freight between urban areas. 


Residential and Commercial Uses 


(i) 


Residential and commercial uses accounted for about 30% 
of the total eneray consumption in Ontario in 1971, and 
for about 45% of the electrical energy consumption. In 


the household the major consumption of eneray is for space 
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heatina, water heating, lightina, and air conditioninc. 
Commercial uses are predominantly for space heating 

or coolino and lighting. 

The pollutants beina emitted by the use of primary eneray 
for residential and commercial purposes are mainly sulfur 
dioxide and nitrogen oxides. In Metropolitan Toronto 
desnite a growing consumption of eneray the sulfur dioxide 
emission will almost remain constant due to a more wide- 
spread use of low-sulfur fuel. The emissions of the nitro- 
gen oxides from residential and commercial sources, however, 
will increase by 250% by 1991. In other urban areas of 
Ontario, where sulfur restrictions for fuel oils are not 

in effect, both sulfur dioxide and nitrogen oxide emissions 
will increase with increasing consumption of fuel 

In Metropolitan Toronto residential and commercial uses of 
primary eneray by themselves did not result in violation 
of the provincial ambient air criteria in 1971. Since 

the emissions from residential and commercial sources are 
relatively close to the qround, dispersion of the emitted 
pollutants is poor. For all practical purposes the use 

of low-sulfur fuel is the best sulfur dioxide abatement 
strateay for these hundreds of thousands of air pollution 
sources. Flue-gas cleaning abatement systems are not 
practical for residential sources due to their very larae 


number and large variety of installations. 
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(vi) 


It is possible to increase the combustion efficiency 

of residential and some types of commercial buildina 
heatina systems by proper service and maintenance. Many 
units are poorly maintained. The present schedules of 
maintaining and servicing of these systems can be siagni- 
ficantly improved. 

Insulation standards for electrically heated homes are 
more stringent than for fossil-fuel heated homes in order 
to make electrical heating economically competitive. Con- 
sequently, there is considerable room for improvement in 
the standards for thermal insulation in residential and 
commercial buildings heated by other means. Better insu- 
lation will decrease the amount of eneray required for both 
heating and cooling and therefore may potentially lower 

the impact that residential and commercial heatina has on 
the environment. 

Many factors affect the environmental imnact of consumption 
of eneray by household and commercial sources. It is undoub- 
tedly easier to control the emissions from larae central 
plants than it is from numerous small homes. Also, many 
furnaces are poorly maintained and adjusted and emit more 
pollutants than necessary. On the other hand, electrical 
power generation utilizes the energy resource less effi- 
ciently.and emits large quantities of sulfur dioxide 


and oxides of nitroaen with little immediate prosnect of 
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(viii) 


abatement. However, at some future time, larger portion 

of the generating system is nuclear, it may be in the 
public interest to promote electric heating and coolina. 

In the meantime, urban air quality will become proaressively 
degraded due to the increased use of fossil fuel. 

Some studies have concluded that electrical heating produces 
a oreater environmental impact now, but it could provide 

the best heating means from the environmental viewpoint 

by the 1980's. The utilization of fossil fuels other than 
coal in residential and commercial applications does not 
aqive rise to direct water quality problems, waste disposal 
problems or other factors affecting land use and natural 
resources. 

The use of waste heat from thermal power stations and other 
boiler installation is often mentioned as an eneray resource 
for area heating. This is not practicable with existina 
systems, but is a possibility in the desian of a sel f-con- 
tained total eneray system in new towns or large buildings. 
There exists a needless wastaae of eneray which could he 
reduced through a program of eneray conservation and effi- 


ciency. 


Industrial Uses 


(i) 


Many industries create significant environmental problems, 
however, of most of these problems are not primarily asso- 


ciated with the conversion or use of energy resources hy 
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(iii) 


the industry. It is difficult to accurately assess the 
impact attributable to the conversion and utilization of 
energy by the manufacturing industry. 

The environmental impact of fossil-fuel eneray use by 
industry in aeneral constitutes only a relatively smal] 
portion of its total impact on the environment. fir- and 
water-quality problems attendant to eneray use by indus- 
tries largely arise from the combustion of fossil-fuels and 
are similar to those associated with the qeneration of 
electrical power from fossil-fuel. Coal, whether used 
directly for generation of eneray or for the production of 
coke and coke oven gas is presently the largest source of 
pollutant emission. 

The production of coke needed for metallurqical processes 
results in air-quality problems due to emissions of parti- 
culate matter and sulfur dioxide into the atmosphere. These 
problems occur in the steel producing centers in Ontario 
and are not yet fully resolved. Due to the present desian 
of the coke ovens and their inherent operation, lona-term 
modification or process changes are needed to abate their 
present emissions. Coke production also creates a variety 
of water-quality problems due to discharae of phenols, 
ammonia, sulfides, and other compounds. In addition, the 
quality of the water may be decreased by increasing the 
chemical oxygen demand through the discharge of waste 


streams. 
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While industrial emissions of SOy and particulate matter 
can be controlled to meet provincial air quality criteria, 
no efficient control technology for nitrogen oxides is 
available for many emission sources at present. There- 
fore, emission of oxides of nitrogen is expected to 
increase as the eneray consumption increases. As a result, 
air quality criteria for the nitrogen oxides will be 
exceeded in the future more frequently in wider and wider 
areas unless industrial growth is restricted in selected 
areas. 

Emissions of particulate matter and sulfur dioxide by 
industrial eneray consumers in the Toronto area have 
notably decreased in the past three years. Existing abate- 
ment proqrams will effect additional reductions of these 
pollutants in the future. Other areas are not as well 
controlled as yet. Natural gas is needed by some industries 
both for process requirements and for air pollution control. 
These uses should be restricted to annlications where other 
fuel use and emission control technoloay is not feasible. 
Most industries are acutely aware of costs and efficiency. 
This awareness can be used to promote conservation of all 
resources including energy. Policies designed to enhance 
the reuse of articles, such as containers for liquids, 
recyclina of wastes containina paper, qlass, plastics and 


metals could effectively reduce the energy requirements 
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of many industries and thus indirectly reduce the pollu- 
tion potential of these industries. In addition substan- 
tial improvement in eneray efficiency and conservation 

of non-renewable resources could be achieved by the manu- 


facture of goods of lonaer durability. 


8.0 Pecreational Uses 


(i) 


(ii) 


(iii) 


The consumption of energy for recreational purposes is 
minor compared with other eneray consumers. However, its 
impact on the environment is believed to be by far greater 
and damaging than its relatively small use would indicate. 
The extent of damage to aquatic and wild-life and the natu- 
ral environment is difficult to estimate due to the vastness 
and remoteness of some affected areas. 

The introduction of fuel into the water, especially in high- 
intensity use areas, such as adjacent to marinas and boat 
landings, can result in oily scums and oi] films on the 
surface of the water. This is aesthetically detrimental 

and lowers the water quality. Aquatic life has been shown 
to be adversely affected by these films, both at the surface 
and below. Greatest stress is placed on surface breathing 
organisms. 

The recreational use of hiah-powered outboard motors on 
small lakes and some rivers causes erosion of shores and 
banks and interferes with the reproduction of certain 
species of wildlife: It is also a cause of a arowina 
number of complaints due to excessive noise emission and 

the danger of swimmers. 
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(iv) 


The use of snowmobiles has opened up a new winter recrea- 
tional activity with benefits to the recreational industry 
in Ontario. The recreational use of snowmobiles results 

in adverse impacts on forest and plant communities, fish 
and wildlife, people and private pronerty due to excessive 
noise, snow compaction, disturbance of wildlife, property 
damaae and injuries to people. 

Motorized recreational vehicles such as trail bikes, dune 
buggies and air cushion vehicles have made it possible to 
travel to formerly nearly ‘inaccessible areas. The use of 
such vehicles imposes environmental stress on undisturbed 
wildlife habitat areas, plant communities and shores and 
banks. Increased erosion, damage to trees and plants, 
littering, noise, additional fire hazards are serious prob- 
lems. The requlation of the recreational use of such vehicles 


to selected areas is necessary. 


Legal Aspects 


(i) 


(ii) 


Environmental legislation enacted by the Province of Ontario 
is the most extensive and comprehensive existina in Canada. 
The federal program is just getting underway and its scope 

and impact cannot yet be foreseen. 

The United States has enacted or is considerina several 

novel measures includina (1) mandatory prenaration of environ- 
mental impact statements that become part of the public 

record before a project or program js undertaken, (2) taxina 
certain types of pollutant emissions or fuel additives, 


(3) setting maximum emission levels from fossil-fuel power 
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generation stations, some industries, and automotive 
vehicles and (4) establishing rules for power plant 
siting with public hearinas, 

Environmental Quality - 1991 

(i) In order to maintain reasonable air quality in Ontario 
to 1991, fossil-fuel plants should be sited no closer 
than 30 miles apart and at least 30 miles from the areas 
of (1) the Toronto reqgion, (2) Hamilton, (3) Windsor, 

(4) Sarnia, (5) Sudbury and (6) other special areas until 
extensive pollutant control systems become available and 
are used. 

(ii) The strateay of abatement and control of air and water 
pollutants from all sources is highly preferred over the 
strateay of dilution. 

(iii) The water quality in the Great Lakes in the years of 1991 
will laraely depend upon the Canadian and American effort 
undertaken in accordance to the recommendations of the 
International Joint Commission. 

Longer-Range Implications 

(i) There are definite environmental limits to arowth patterns 
which induce a stress on the environment, includina the 
exponential arowth of eneray consumption. 

(ii) Modest climatic changes are now occurring in urban areas. 
This trend will continue and cover wider and wider areas. 
Global climate chanaes of major proportions are not likely 


by the end of this century but appear to be a distinct 
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‘possibility in a hundred years or so. 

(iii) A complex computer model of alobal dynamics by Jay 
Forrester predicts some disturbing consequences by 
the middle part of the next century in which the arowth 
of the global society is limited by the denletion of 
natural resources or by a "pollution crisis." A stable 
global situation according to his model will only result 
by some form of a "zero growth" societv. His model is 
based upon many assumptions which are currently beina 
ques tioned and investiaqated; however, it is receiving 


world-wide attention. 
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II RECOMMENDATIONS 


_An assessment of the environmental impact of obtaining, processing and 
utilizing energy resources in Ontario has resulted in the following 


recommendations: 


L Decision-Making and Regulation 

a Environmental Impact Statements 
It is recommended that the Ontario Government establish a policy 
of requiring that Environmental Impact Statements be completed 
and evaluated before the implementation of any new program or 
projects which would significantly affect the environment. This 


requirement is specffically recommended for all projects invol- 
ving energy use or conversion both public and prévate such as 

the installation of power generation stations, the routing of 
transmission lines, the development of the Onakawana lignite 
deposits and further development of uranium resources, etc. It 

is also recommended that this policy be adopted in the planning 
of new freeways, airports, giant urban complexes and similar 
projects because of the consequent effects that these develop- 
ments have on the environment. Moreover, it is suggested that 
Environmental Impact Statements be used to govern private 
industrial development insofar as they do not comprise the 
propriety rights of individual companies. The proposed Environ- 
mental Impact Statements would establish the need for the project, 
predict environmental consequences, and indicate the alternatives 


examined. The statement must play a real part in the decision- 
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making process and should not be prepared merely to justify 
decisions already made. 
Public Involvement 


It is recommended that the fact-finding and decision-makina 


processes for new programs, their environmental implications, 
and the alternatives be shared with the public. The Environ- 
mental Impact Statements and comments on them from government 
agencies should become public information and some procedures 
established whereby the public and citizen groups can express 
their views in an effective manner. One exception would be 

that the propietary rights of private business, patent inform- 
ation, and other factors affectina their competitive position 
would not be disclosed to the public. 

Continuity and Review 

It_is recommended that some mechanism be established whereby 
there is (a) a continuity and assessment of policy with regard 

to environmental protection and (b) a review process for exist- 
ing plants and installations. The review process should take 
place when required at the option of the requlatory authority 
assigned the responsibility for impact statements and may include 
the preparation of a modified form of Environmental Impact State- 
ment and a public hearina. 

The Role of Existing Requlatory Agencies 

It is recommended that the existing regulatory agencies of the 
Provincial Government (principally the Ministries of the Environ- 
ment, Natural Resources, and Health) continue to establish the 
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ment in all respects. There is, however, a need to co-ordinate 
the activities and responsibilities of these aqencies with 
each other and together with other Provincial commissions, 
committees and task forces on matters such as: 

(a) site environmental studies 

(b) ecological studies 

(c) evaluation of abatement methods 

(d) monitoring programs 

(e) all other programs of common environmental 

interest. 

Moreover, it is recommended that Ontario continue its efforts 
to establish multilateral criteria and control programs with 
appropriate States to imnrove the environmental quality in 
international boundary regions. 

Conservation 

Eneraqy use in most of its forms causes a sianificant impact on 
the environment. Increasina consumption patterns suggest that 
the impact will become more serious in the future. Reduction 
of the unnecessary consumption of our eneray resources could 


provide an effective abatement strateay. Consequently, it is 


recommended that the Ontario Government take stronger steps to 


ly as possible. It should consciously encourage the most effi- 


cient uses of our eneray resources in all sectors of society 
and ensure that the price structure adequately reflects the 


benefits to society of employing the most efficient eneray source. 
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The advertising and marketing policies and rate structures of 


the energy industries could be designed to encourage conser- 


vation of eneray by discouraqing the unnecessary demands for 


inefficient energy. 


Implementation of Recommended Policies for Decision-Making 
and Regulation 


It is recommended that a specific procedure or organization 


be identified to carry out the policies recommended above. 


This might be achieved in a number of ways, but two specific 


suggestions are outlined below: 


(i) 


The Minister of the Resource Development Policy Field 
or the Minister of the Ministry of the Environment 
should be responsible for implementina the administra- 
tion and co-ordination of the Environmental Impact 
Statements, utilizing Ministers and personnel in various 
Departments in his policy Field, as well as from other 
Policy Fields. He would request the preparation of 
Environmental Impact Statements for existing installa- 
tions when deemed necessary in consultation with other 
Ministers. After the Environmental Impact Statement 

is prepared by the submitting agency, it is circulated 
by the Minister or his desianate to appropriate govern- 
mental agencies in all Policy Fields for comment and 
evaluation. He would also have the responsibility for 


establishing the required public hearinas and he or 
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his designate toqether with his staff and advisors 

would have the independent responsibility for reviewina 
and evaluating the Impact Statement and all comments 
(governmental and public), publishing their conclusions 
and reporting and advising the Policy and Priorities 
Board and the Provincial Cabinet on appropriate action. 
This method has the advantage of making use of the 
existing government framework. 

Alternatively, a broad-based eneray regulatory board 
could be established by law to consider all aspects 

of eneray use in Ontario and with the authority to 
approve and reject proposals. Consideration of environ- 
mental issues through the impact statements would only 

be one aspect of the board's activities. Other activities 
could include, reserve forecastina, resource develonvina, 
price structure, etc. It could be made up by appointment 
of specialists in many fields (engineering, economics, 
law, ecology, etc.) and representatives of the public. 
The board would (1) utilize experts in appropriate 
government agencies to assist in the evaluation of the 
Environmental Impact Statements or other material, 

(2) hold hearings on all aspects of eneray use, and 

(3) request additional studies if necessary. Positive 
decisions by the board to proceed would be referred 

to the Cabinet so that additional factors could be weiqhed 


before a final decision is reached. A neaative decision 
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of the board not to proceed for technical reasons 
would require no further action. This approach has 
the advantage that it considers environmental problems 
in a broader context and may fit into a broader policy 
recommendation. 

Recommendations on Energy Resource Development 

Control of Radioactive Releases 

It is recommended that future extraction of uranium ores take 

place with adequate environmental protection. The following 


in the mining areas: 

(7) Stabilization and maintenance of all abandoned tailings 
areas to secure, in perpetuity, their containment inclu- 
ding isolation and cover, and erosion control. Collect- 
ion and treatment of seepage and runoff should be pro- 
vided by the mining companies or their successors respon- 
sible for the disposal sites. Legislation dealing with 
stabilization of tailings areas by vegetation or other 
methods should be extended to include abandoned areas 
and, as required, treatment of seepage and runoff. 

(ii) Mining companies pursue the use of improved process and 
waste treatment techniques such as sulfide removal. 
Priority be qiven to the control of pH and toxic compounds 


such as heavy metals and ammonia. 
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(iii) Prohibition of the use of lake basins for containment of 
tailings at new minina locations. 

(iv) Further studies are needed to examine the total human 
intake of radioactivity through air, food and water in 
those areas where waters containing siqnificant quantities 
of radio-nuclides are used for domestic water supply. 

It is expected that the radiation dose resultina from 
short-term use of these supplies does not present a siq- 
nificant hazard to health; however, it would be advisable 
to consider alternate supplies since any unnecessary 
exposure to radioactivity should be avoided. 

In view of the growing consumption of energy and the existence 

tion of ever-increasing nuclear power capacity, it is recommended 

that the following policies be adopted. 

(a) Radioactivity in the aquatic and atmospheric environ- 
ments attributable to controlled releases from al] 
operations be kept to the lowest practicable level. 

(b) All release levels be carefully reviewed periodically 
and revised so that the build-up of long-lived radio- 
activity in the environment not unwittingly become a 
leaqacy for future generations. 

hey The nuclear industry and nuclear power plants not be 
allowed to release more radioactive material than is 
currently the practice. Moreover, the present leaal 
maximum release limits be immediately reduced to the 


lowest practicable levels. 


= .36 - 


oy 17 


eh : , ¥ a "y = 
\ Asreré few: i) Of (aA iM) bebwany ep, es uv 2 
eee : | 


ihe’ 

J : a : Solvent 
pic weds utyt ire’ Covers vt vis opatbes © sikh 7" 
, ay: 7 +ApSy B) 4 ainne 2Ati md go rity Fears ; i* 
b oem ne 

iene. ww? baey 476 et Moyo-aPber Fay 

. a0 

rn”) . Now srl if oP ba? 0489 2? si 

: 

peale 24 oh arishedyede 
ul 


Je 
won 
Spe 
panna fe vebhanod QF. afk 


> ea 

" | as, other OF SMES <2 ei: 
erst Ke Pate Ty 2ROD: WNTWATE as too ty, ab iA 
KA . : . p ~— ' ies a i} 


* {ssymanerybvne:yattte 49)" 


a 
| , fmm onbesprant~seve 26. Kole 
‘ - ; iT — 7 
mite ait SBng 
oe med cot hl bean fhe (a) 


fhaxteeo ¢ tex udreite. atasm —_ 
- 


- > 
on ad aaotiaeqo — _ 7 
al * > @ 
F a9 f vyiyies j 60 {a ta!) 4 : 
sa ) 


river bre 


ios 7 


5 Sabo ) tur tipwnettyae ods af Pie ioe 
2 ved 
: nce? vot yoered 
. v4 
: : . » > 
trig + 7 jo hie vetouhet vestoun egy | “Og 
9 7 
-_ P “a r ~« 


- { og: A : 
' , ° 


eT eT -at 27earT aeeeton anne” 


ey 128 
i es 


= 


7 
7 


.efovel afdaorges 


1 


ane 


(d) From an environmental viewpoint the use of breeder 
reactors be discouraged until their environmental 
consequences are well-defined and judaed tolerable. 
Further, the environmental impact of fuel-reproces- 

Sing plants and uranium-enrichment plants be carefully 
evaluated and very low radioactive release levels 
established before they are allowed to operate in 
Ontario. 

(e) The total amount of radioactivity in the sediments, 
water and biota of the Great Lakes not be allowed to 
increase by the discharae from future nuclear power- 
plants. 

(f) Contingency plans to cover mass evacuation from nearby 
populated areas in the event of (a) leakage from a 
nearby nuclear aenerating station or (b) from a heavy 
water plant, be periodically reviewed as population trends 
change over the next two decades. 

Development of Onakawana Liqnite Deposits 

The Northern Ontario environment is believed to be fragile with 

respect to environmental stress. If the Onakawana lianite depo- 

sits are developed, it is recommended that this development 

be strictly controlled to ensure a minimum environmental impact. 

In addition, Environmental Impact Statements are recommended for 

all energy developments such as this. Such development should 


be preceded by complete ecological and environmental studies. 


The aasification of this lianite would ensure an environmentally 


desirable fuel for Ontario. Consequently, it is further recom- 
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mended that an on site lignite gasification plant be consi- 
dered in the development of this resource, and that the 
research and development work needed to promote this develop- 
ment concept be undertaken. 


Processing of Fuels 

Crude Oi] 

(i) To minimize the adverse effects which would almost 
certainly result from a major spill of fuel oi] or other 
hazardous materials, it is recommended that contingency 
planning activities receive a high priority within the 
Government and that an effective response capability 


be developed. 


(ii) Expansion of refinery operations may potentially increase 


discharaqe of pollutants into waterways. It is recom- 
mended that waste discharges be reduced and be in strict 
compliance with the maximal permissible amounts of indi- 
vidual pollutants such as oils and phenols. 

(iii) Continuation and intensification of the study of the 
origin of photochemical oxidants in effected areas 
of Ontario is recommended. An understanding of all 
factors involved is necessary in order to establish 
an environmental limit and meaninoful hydrocarbon 
emission and ambient air-quality standards. 

(iv) Process upsets which may result in excessive carbon 
monoxide and particulate emission from catalytic crack- 


ing units should be discouraged by provision of heavy 
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fines if such upsets occur relatively frequently. 

(v) Similarly, emission of malodorous compounds should be 
discouraged by provision of heavy fines for frequent 
violators. 

Recommendations Pertaining to Utilization of Fuels and Energy 

Electrical Power Generation 

Ontario Hydro is interacting more strongly with Provincial 

Government Ministries on environmental matters. Since the 

organization is an agency of the Ontario Government and the 

government's stated policy is to provide adequate eneray 


suppltes and to achieve a satisfactory environmental quality, 


electrical power production should implement both aspects of this 


policy. 

(4) Increased electrical power generation will result in 
more widespread environmental degradation in the future. 
Recognizing and accounting for external diseconomies 
is an important first step towards improved environ- 
mental quality, and aid in resolving the basic conflict 


between power generation and environmental quality. 
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(ii) It is recommended that advertising, marketing poli- 
cies and rate structures be designed to encourage 
conservation of electricity as long as the production 


of electrical power has a significant impact on the 


environment as it does now. A pricing policy for elec- 
trical power should also encourage the use of pollution 
abatement equipment by industry and municipalities thus 
shifting consumer preference away from products which 
use electricity inefficiently and therefore have a larger 
impact on environmental quality. 

(iii) Electrical power production achievement should be judged 
not only on how efficiently and economically power is 
produced, but also on minimizing the overall impact on 


the environment. 


Expansion of the Environmental Program 


Ontario Hydro has an internal research and development program 
in pollution control, supports work in other oraanizations and 
employs environmental consultants. Their research and develop- 
ment work related to environmental matters is about 10 to 15 


percent of their total research and development program. 


It is recommended that an expanded research and development 
program be carried out in those problem areas which are unique to 
Ontario by virtue of its geographical location and climate and 
which are attendant to power production by large energy generation 
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centres being planned. Some areas requiring research are (a) the 
effects of large onshore discharges of cooling water on lake currents 
and ecosystems, (b) analytical and experimental investigation of the 
potential of icing and fogging from cooling towers and laqoons and 
investigations of the aerodynamic interference of the cooling tower 
on its discharge plume, (c) undertaking of conceptual studies of 

the beneficial uses of waste heat. 

The Commission already has research and development work underway 

in pollution control, but the problems are of sufficient importance 
that their existing proaram should be increased. Several specific 
suggestions are made in the body of the report. An expanded inves- 
tigation of the removal of sulfur dioxide and oxides of nitrogen 
from flue gases, the study of fluidized-bed combustors, the develop- 
ment of new transmission methods or underground cables are note- 
worthy among these. Because the Commission cannot be expected to 
work extensively toward the solution of al] environmental problems 
associated with electrical power production, the requlatory agencies 
could aid in establishing priorities so that necessary environmental 
quality goals may be achieved. Further, Ontario cannot afford to 


await for these problems to be solved elsewhere. 


Generation Plants with Minimal Environmental Impact 


Each type of generating plant produces a very different kind of 


impact on the environment. As a result, it is difficult to 
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make meaningful comparison. Nevertheless, it is believed that 


a nuclear plant using the CANDU system will produce a lower 


overall environmental impact than other contemporary power aene- 


ration systems provided the followina steps are taken: 


(a) Uranium mining practices recommended nreviously are 
followed. 
(b) The release limits of radioactive emissions into the 


water and air are reduced to the lowest practicable 
levels. 

(c) Methods to dispose of radioactive waste from an expanded 
nuclear power-generation industry in the next two decades 
are to be carefully investiaated now. 

The following quidelines are recommended: 

(a) To improve air quality - the installation of future coal- 
or oil-fired plants be avoided in the southern portion 
of the Toronto Centered Reqion and in any case larae 
fossil-fuel power generation centres of 4000 MW and 
greater not be spaced less than 30 miles apart in other 
regions. 

(b) To improve air quality - natural gas be reserved for use 
where other emission control measures are not practical. 
Its use is not recommended for future generation stations 
where other control methods can be employed. 

(c) To improve air quality - Ontario should strive to achieve 
a Canadian policy of retainina environmentally desirable 


natural aas for Canadian use. 
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(d) 


(e) 


To improve water quality - once-through coolina not 


be allowed for future plants sited on the Western Basin 


of Lake Erie. 

To maintain water quality - in other areas where harmful 
effects can be predicted, alternative cooling facilities, 
which will not seriously impact the aquatic environment, 
should be employed. In those instances where potential 
harmful effects may exist, but cannot be clearly predicted, 
power plants should be initially desiqned so that alter- 
nate cooling facilities can be added at such time as evi- 
dence indicates siaqnificant adverse effects. Coolina 
water discharges should not alter local existina circula- 
tion patterns such that other water uses are seriously 


depreciated, or spawning and fishing orounds are affected. 


ee 


following is recommended: 


(a) 


(b) 


Long-term studies are necessary to investigate future 

water needs and the potential consequence of major diver- 
sions. 

An Environmental Imnact Statement be required for the 
development of future hydroelectric power developments. 

It may include or specify the completion of an ecological 

and socio-economic study of the reaion. 

Land should be purchased and managed for public access, 
boat-launching, shore fishing and other facilities within 

the reservoir levels should be maintained for optimal recrea- 


tional benefits. 
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(d) Migrations and spawning and culture of fish should be 
maintained. When spawning habitat is lost, stockina and 
Spawning channels be provided. 
Sea Recommendations Pertaining to Transportation 
5.2.1 Automotive 
Legislation governing air pollution control devices on new vehi- 
cles is established by the Federal aovernment. The technoloay 


needed to satisfy the legislation is primarily being developed 


in the United States. Ontario can take some steps in this 

important area: cee y 

1. (a) Automotive emissions should be reduced to a level 
corresponding to the 1973 federal emission standards. 
If there is any question of not implementing 1976 
standards in Ontario, a complete review coverina al] 
environmental, social, and economic factors should be 
undertaken before a decision is made. The 1976 standards 
will require expensive abatement devices to control 
emission of the nitrogen oxides, an inaredient in 
photochemical smog. The recommended review should 
consider; 
(7) The need of the abatement devices in Ontario. 
(ii) A detailed investiaation of the potential for 

photochemical smog formation in Ontario cities 

(ii1) The economic impact on the Province should be 


compared with the environmental benefits 
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derived. 

(iv) The possibility of restricted international 
vehicle travel between countries with differ- 
ent auto emission standards. 

(v) The problems introduced by different automo- 
tive fuel standards between Canada and the 
U.S. relating to lead content and octane ratina. 


Regulations restricting automotive emissions should 


also provide that emission standards are to be met 
during the normal use of the vehicle. Effectively- 
administered emission control tests should be required 
at reqular intervals of about one year. 

Adoption of lower lead standards in ambient air is 
recommended and a reduction of the maximum permissible 
level of TEL in aasoline should be considered. /lter- 
natively, reaulatory price policies could be intro- 
duced in order to provide an incentive for consumers 
to buy unleaded or low-lead instead of leaded aaso- 
line. 

Legislation against unnecessary idling of all motor 
vehicles in urban areas should be introduced and 


enforced. 


The conversion of urban vehicles to natural aas or propane 


should be encouraged by tax incentives and other methods. 


The conversion of some provincial vehicles should be con- 


tinued and fleet operation experience thus obtained. This 


recommendation is contingent upon the foresiaht of the 
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Advisory Committee on Energy in reqard to the lonq- 
Yange availability of such fuels considering the other 
uses Of natural gas recommended herein. 

Oe Every practical effort should be made to eliminate un- 
necessary use and losses of deicing salt. Direct dispo- 
sal of snow 6n lakes or rivers should be eliminated 
wherever possible and suitable land disposal sites with 
facilities for trapping the suspended solid, oil and 
debris should be provided. 
noise emissions at the source. Requlations restrictina 
noise emission for new motor vehicles to increasinaly lower 
future levels should be introduced and should specify that 
noise standards are to be met durina the normal use of the 
vehicle. Replacement equinment which emits hiaher noise 


than the original equipment should be banned from sale. 


Adequate provisions should be made to enforce the noise 
emission standards during the operation of vehicles in 


order to protect the public from persistent offenders. 
oe Environmental Impact Statements are recommended in the 
planning of new freeways and major highways. They should 
at the minimum evaluate the problems of noise, air pollu- 
tion and effective land use. 
5.2.2 Mass Transportation 


Clearly the best lona-term solution to the problem of automotive 


pollution is to reduce the use of automobiles in urban areas. 
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This may be achieved by providing fast, economical and comfort- 
able mass-transportation. Consequently, it is strongly recom- 
mended that efforts in providing mass transportation systems in 
heavily populated areas be intensified. The Province could lead 
the way in North America in this field. The following steps are 
recommended: 
(i) Long-term development of cheap, fast and efficient 
mass transportation systems. Expansion of existing 
sys tems and planning and provision of additional mass 
transportation systems for large urban areas. 
(ii) Promotion of public transit over urban automobile 


travel by provision of increased comfort and relia- 


bility. Provision of adequate and free terminal park- 
ing and minimal fare rates. Cars in downtown areas of 


large cities be further discouraged. Possible methods 
include the introduction of requlatory policies to 
increase parking rates for day-long downtown parking 
and the restriction of on-street parking. 

(iii) The government via the Ministry of Transportation and 
Communications increase substantially research and 
development of new transportation systems. The poten- 
tial of new innovative mass transportation methods be 
assessed. 


(iv) Large developments in cores of urban areas be planned 
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in conjunction with the development of mass transit 
systems which are capable of handlina the increased 
passenaer traffic. Larae new urban developments 
should require an assessment of their effect on the 
environment and commuter traffic which should be of 
major consideration for their approval. Environ- 
mental Impact Statements are recommended for such 


projects. 


Duties Aviation and Airports 


(i) 


(ii) 


(iii) 


Aircraft and airports do not present serious air- or 
water pollution problems. However, smoke, odor and 
hydrocarbon emissions from jet aircraft engines should 

be reduced by an early implementation of emission 

control by available technoloaqy. 

Noise emission of jet aircraft while ascendina or descend- 
ina be reduced within the limits of acceptable safety to 
airplane operation. Fliaht paths of ascending or descend- 
ing aircraft should avoid densely populated areas. The 
use of land surroundina major airports be planned in such 
a way that the effect of aircraft noise on the population 
is minimized. 

New airport sites should require the submission of an 
Environmental Impact Statements which would be of major 
consideration for their approval. Planning of new 

airports should be in due consideration of the potential 


impact on the environment. The size and capacity of air- 
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ports should be in accordance with an accentable 
impact on air quality and noise level. 

Recommendations Pertaining to Residential and Commercial 

Impact 

(i) It is recommended that stricter codes for new 
residential and commercial buildings be developed 
and that these codes be implemented as soon as 
possible. Such codes would serve to conserve energy 
and would assist in reducing the impact on air quality 
of these area-wide sources. 

(ii) It_is recommended that the use of qas be reserved 
primarily for residential and commercial uses and that 
electrical heating systems be discouraged for the time 
being. The use of low-sulfur fuel appears to be the 
best strateay for controlling sulfur-dioxide emissions 
from these numerous sources. From an environmental 
standpoints, (1) residential and commercial consumers 
jin urban areas, (2) certain industrial users and 
(3) critical air-pollution abatement application should 
have priority for natural gas. It is also recommended 
that sulfur restrictions in fuels be implemented where 
SQ) emissions from residential or commercial buildinas 
constitute a problem. 


Ghee) It is recommended that more efficient tynes of combus- 


re ne 


tion systems of lower pollution potential be developed 


for residential and commercial buildinas and that future 
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developments of residential and commercial heating 
systems consider ways of reducing emissions of the 
nitrogen oxides. Government could assist in obtain- 
ing these objectives by grants or product develop- 
ment loans. 

(iv) Operational checks and adjustments of all residential 
and commercial furnaces on a reqular basis be made 


mandatory. 


(v) It is further recommended that the feasibility of 
providing total energy systems for large residential 
and commercial developments be considered. Also, 


it is recommended that research be undertaken into 
methods of conserving energy and increasing the effi- 
ciency of eneray use (both fossil fuel and electric) 
in residences and commercial buildinas and that an 
active program be undertaken to eliminate unnecessary 


consumption. 


Recommendations Pertaining to Energy Use by Industry 


(i) It is recommended that a policy of requiring Environ- 
mental Impact Statements for future applications of fossil- 
fuel and nuclear energy resources by industry be established. 
This recommendation is made specifically for eneray anpli- 
cations because this is the area of responsibility of the 


Advisory Committee on Eneray. 
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(ii) It_is recommended that the use of natural aas or low- 


rn en 


sulfur coal by industrial consumers be controlled so 
that adequate supplies will be maintained in the 


future where it is necessary for the manufacturina 
process or where no other air-pollution abatement 
methods is possible. Similarly, as it becomes scarcer, 
the use of low-sulfur coal should be restricted to 


those operations where it is essential. 


(iii) It_is recommended that incentives be provided to industry 
to complete the research and development work of coal- 
gasification and promote development of large scale faci- 


lities in Ontario which would have minimal environmental 
impact. In this manner, it may be possible to develop 
the Onakawanalignite as an environmentally clean eneray 


resource for all of Ontario. 


(iv) Because many products require much less energy if recycled 
than if produced from virgin materials, it is recommended 
that the use of recycled materials in the production process 
by requlatory tax policies, development grants or other means 
at its disposal be encouraged. Where incentives are in 
federal jurisdiction, the Province should press the federal 


government for similar policies. 
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Recommendations Pertaining to Recreation Energy Uses 


The use of eneray in recreational vehicles per se causes modest 


environmental problems. However, the use of the vehicles them- 


selves may cause serious lona-term effects. In view of these 


factors the followina recommendations for further action are 


made: 


(i) 


(iii) 


(iv) 


Legislation is needed to provide for the limitation of 
the size of motorized vehicles, and, in particular, 
outboard motors. The requlations under such leaislation 
should provide for the limitation of the size of motors 
in accordance with the size of the waters desionated for 
such control. 

The use of motorized recreational vehtcles, such as 
snowmobtles should be limited to desiaqnated areas. 
Legislation should provide for a method which will 
permit the easy identification of snowmobiles and other 
vehicles. 

Areas of land and water needed for the survival of 
plants, animals, and other life, which are rare or in 
jeopardy, should be described and should be desianated 
under existing or new leaislation as areas not open to 
use by motorized recreational vehicles. 

Noise reaulations governing the operation of motor- 
driven recreational vehicles of all kinds which are 
badly needed be promulgated under the Environmental 


Protection Act. 
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(v) 


Research and development to devise engines for motorized 
recreational vehicles which do not introduce fuel into 


water be given a high priority. 


Recommendations Pertaining to Land Use Planning 


(i) 


It is recommended that (where consistent with reliability 
of service) the concept of "the energy-transit corridor", 
grouping transmission lines, pipelines, transportation lines 
together, thereby reducing the amount of land needed for 
utility easements be promoted. By having multi-utility 
easements planned in such a manner, the corridors can offer 
additional and needed recreational areas and also can 


provide rapid-transit rights-of-way in urban areas. 


The following recommendations are made with respect to 


such corridors: 


(a) Investigate the use of transmission line rights-of- 
way to serve also for a rapid surface mass-transport- 
ation systems with a low air-and noise-pollution 
potential. 

(b) Intensify studies on multiple use and utilize 
rights-of-way for recreational purposes. Acce- 
lerate studies on how to obtain additional multi- 
ple use values from transmission lines by esta- 
blishing and maintaining low cover for wildlife 


habitat and food. 
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(c) 


(e) 


Develop techniques directed toward the future 
replacement of major transmission lines with 
underground cables in some areas. Where feasi- 
ble, replace lines over water by submarine 
cables. 

Intensify studies to maintain or improve the 
aesthetic values of freeway, airports, power 
generating installations and transmission lines 
by sculpturina, visual screening, etc. 

Locate large eneray centers to avoid conflict 
with desianated wilderness areas, "wild" rivers, 
valuable woodland and special areas of ecolo- 


gical interest and/or historic sianificance. 


It_is recommended that certain waste disposal problems 


attendant to eneray use be more carefully evaluated: 


(a) 


(b) 


Investigations should be initiated to determine 
the overall impact of the disnosal of radio- 


active wastes as well as chemical comnounds formed 


A study should be undertaken to determine if 


Ontario may have any long-range problem in the 


disposal of nuclear wastes and whether the present 
division of responsibility for control of the 
disposal of such waste with the Federal Government 


will be adequate in the future. 
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Recommendations Pertaining to Long-Range Implications of 

Energy Use 

Various agencies should assume the responsibility for lona-range 
studies of the consequences of exponential growth, eneray consump- 
tion and electrical power generation. The conflict between our 
way-of-life and the environment is no sharper than in the consumption 
of energy resources. These long-range environmental trends should 

be forecast as a natural extension of the activities of the Advisory 


Committee on Energy. 


Because energy consumption cannot continue indefinitely in a 
finite world, it is recommended that a permanent body of experts 
and leaders from a broad cross-section of society be appointed to 
study and make recommendations concerning the implications, timing 
and mechanisms involved in the limits of growth. Although these 


limits may not be reached for many decades, it is not too early 
to predict the long-term trends and consequences of growth and 


to decide the means to optimize growth for the benefits of society. 
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TIT. ENVIRONMENTAL IMPLICATIONS OF ENERGY USE 


‘Some of the Problems 

This section discusses the known and expected environmental 
degradation caused by energy use on the air, water, and land 
as Summarized in Table 1. In most cases, degradation occurs 
in more than one facet of the environment. Corrective mea- 
sures to improve one environmental preblem may result in fur- 
ther degradation of another environmental quality. Therefore, 
it is necessary to consider all environmental impacts and 
closely co-ordinate control measures to obtain an acceptable 
total environment. For the purposes of this study, an energy 
consumption forecast has been prepared (Figure 1). It is 
based on an exponential growth for the next twenty years, 
Clearly, any society cannot continue to expand in this manner 
over a period of time. 

Effects on Air 

The impact of processing and using energy, is the dominant 
factor affecting the quality of the air. Many emitted conta- 
minants pollute the atmosphere, however, five major pollutants 
comprise by far the major load, i.e. particulate matter, 
sulfur dioxide, carbon monoxide, oxides of nitrogen and hydro- 


carbons. (!) These contaminants are most prevalent in urban centers. 


An example of the atmospheric degradation resulting from the 
utilization of energy in an urban area is shown by the inven- 
tory of air pollutants in the Toronto area. \”? Table 11 illus- 


trates that about 90 percent of the air pollutants in Toronto are a 
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direct result of energy utilization in transportation, 
electrical power generation and heating. The automobile 

is the greatest single source accounting for 56 percent of 
the total pollutants (mainly carbon monoxide). The two 
electrical power generation stations generated an additional 
28 percent of the total pollutants (mainly sulfur dioxide). 
Detailed data of this type are not available for Ontario 

as a whole; however, the trends are expected to be somewhat 
similar to Toronto's for other urban areas. Improvements 
made in urban areas by the use of higher stacks result in 


increased ambient pollutant concentrations in the rural areas. 


The formation of smog is another urban air pollution problem 
distinct from the one outlined above. (3) Under the influence 
of sunlight, the oxides of nitrogen and gaseous hydrocarbons 
interact to form a complex variety of secondary pollutants 
called photochemical oxidants. These compounds, together with 
other liquid and solid particulates in the air, are commonly 
known as smog. Automobiles and to a lesser extent electrical 
power stations are the prime contributors to photochemical 
smog. Because sunshine and still atmospheric conditions are 
needed to provide the energy and time for these reactions, 

it is apparent why the problem has arisen in Los Angeles, but 


is, at least as present, not severe in Ontario. 


Effects on Water 


The obtaining of energy by mining can cause acide drainaae or 
radioactivity problems in the adjacent watercourses. These 


substances deny portions of the downstream watercourse for other 
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uses. The disposal of radioactive wastes from mining has 


(4) 


caused significant water degradation. The utilizing 

of energy has both a physical and chemical effect. Large 
volumes of cooling water discharge required for fossil- 
fired and nuclear generating stations change both the loeal 
temperature and natural movement pattern at the discharge. 
Chemical by-products are also introduced into the water 


(5) 


stream. The physical effects of once-through cooling 


systems can be both beneficial and detrimental. 


There has been a large amount of discussion about discharging 
the waste heat from electrical power generation stations into 
the water. The main concern has arisen in the United States 
where large power plants have been located on relatively small 
and warm lakes and rivers, 0) It is well-known that heat 
accelerates the biological decay process in water and reduces 
the capacity of the water to retain dissolved oxygen and other 
gases. Thus, heated water can assimilate less biological 
waste. On the other hand the growth of aquatic plants includ- 
ing algae is accelerated. Also, increased water temperatures 
can interfere with or disrupt the reproductive cycles of fish 
and migration patterns. The short and long-term effects on 
the fishery, biological activity and the chemical and physical 
characteristics of all aquatic areas are not completely known 


at this time. 


Normal sanitary and industrial wastes discharged into the water 


must conform to existing provincial requirements. Regulations 
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regarding the release of radioactivity are presently under 
review by the Atomic Energy Control Board in co-operation 

with a number of Federal and Provincial agencies and revised 
water-quality objectives for radioactivity will likely be 
promulgated within one year. Specialized releases, like HAS 
emanating from heavy-water plants, must also conform to exist- 
ing provincial requirements. 


Effects on Land 


Mining of energy resources has historical implications of affect- 


ing the aesthetics and future land utilization. The increasing 
acidity of waters in mining areas are in part due to poor lJand- 


(7) 


use practices. While the major known energy resources with- 
in Ontario are restricted to lignite and uranium, the develop- 
ment of these resources must be regulated to ensure that the 


land environment is protected. 


Hydroelectric power generation has direct effects on the use 
of land causes by varying the natural flow of streams and 
developing artificial impounding areas. Presently, most of 
the hydraulic potential for power generation in Ontario 

has already been developed and it is expected that future 
problems will be associated with flow regulations initiated 


to maximize power production. 


Transportation of energy creates aesthetic problems asso- 
ciated with electrical transmission lines and occupies 
large land areas. The problem of an accidental spill from 
energy conveying systems on land or water transportation 


and pipelines is ever present and intensifies with population 
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growth. The application of herbicides and defoliants to 
control vegetation growth on transmission line and pipeline 
rights-of-way may also give rise to a variety of problems. 
Many of these compounds are very persistent and tend to 

be concentrated in living organisms. The ultimate effect 


of these substances is not well documented. 


Causes of Problems 


Profit seekers are often blamed for the degradation of our 
environment. However, there are more fundamental causes. 

A large majority of people have been willing to consume vast 
amounts of resources and energy, failing to understand that 
the modern way-of-life is basically responsible for the deter- 
joration of our water, air and land resources. The prosperity 
of a society is directly related to its ability to compete 
economically with others. Consequently, it is economically 


difficult for one group, one industry, one province or one 


country to justify accepting its environmental responsibility, 


if its neighbours or competitors do not. A multi-lateral 
approach is needed to effectively solve environmental prob- 
lems. Its absence frequently only effects a partial solution. 
Unfortunately, this reasoning is more frequently becoming an 


excuse for no action. 


Economic Incentives to Pollute 


Our present pricing system fails to take into account the damage 


a polluter inflicts on others. Air, water, and land are qene- 
rally regarded as "free goods". As a result, this system pro- 


duces very real, but hidden, external social costs which are 
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imposed on consumers and non-consumer alike. Although there 
is considerable controversy as to the actual hidden costs 

of pollution, the Environmental Protection Agency (EPA) 
estimates that the annual toll of air pollution in the U.S. 
on health, vegetation, materials and property values exceed 


(8) 


$80 per person per year. A somewhat lower, but similar, 
cost exists in Ontario. The cost of water pollution damage 

is less well documented. Clearly, there are increasing 
present-day losses in contaminated fish and potential future 
economic losses due to increased water-treatment costs. Costs 
of lost amenities and recreational opportunities are stil] 
more intangible, but none the less they are real economic costs. 
A price and/or tax structure that took environmental degrada- 
tion into account could shift consumer preferences and perhaps 
discourage the purchase of goods which are manufactured by 
pollution producing facilities. 

Population Growth 

Population and consumption are the key to the environmental 
problem. Population growth was of no concern and encouraged 

in most parts of the world until a few decades ago. It has 
been somewhat difficult to recognize the potential problem in 

a country as sparsely populated as Canada, but when the weak 
life-support systems of much of our area are considered, there 
is greater cause for concern. Mushrooming population growth 
does not necessarily mean more polluted air and water, but it 
is more difficult to achieve and maintain environmental quality 


with the pressure of population growth in a given area. It is 
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interesting to note that 20 percent of the world's popu- 


lation (North America, Europe, and Japan) is considered 
responsible for about 90 percent of the earth's environ- 
mental damage. ‘?) An average North America is reported to 
cause about the same impact on the environment as 200 
people in India or 50 in South America. The environmental 
impact of the population growth in Ontario will be increasingly 
felt. 

Increased Urbanization 

Our environment provides natural mechanisms to clean and 
restore itsel#: Some of these processes we understand, but 


(10) Concentrations of 


most of them are still a mystery. 
people in urban areas intensify the pollution problem, yet 
urbanization continues to grow. For example, population 


(11) 


forecasts for Ontario indicate that the Toronto-centered 
region will grow faster than the remainder of the Province 

by the end of the century. Statistics have shown that in the 
U.S. increased pollution is directly related to increased 


population; similar data is not available for Ontario due to 


the limited number of cities. 


The pollution domes of our cities as illustrated in Fiaure 2 
are becoming visible. This dome, due to urbanization, changes 
the climate of a city as outlined in Table 111. Many may 

feel that higher temperatures and fewer heating dearee days, 
particularly in the north, are an advantage, but few people 
enjoy less sunshine and increased claudiness, fog and rain- 


fall which also occur. 
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FIGURE 2 


The urban dome 


The urban thermal and pollution plume occurring 
when a regional wind is blowing. 
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TABLE III 


Average Changes in Climatic Elements Caused by Urbanization 
COMPARISON WITH 


ELEMENT RURAL ENVIRONMENT 
Contaminants: 

condensation nuclei and particles 10 times more 
gaseous admixtures 5 to 25 times more 
Cloudiness: 

cover 5 to 10 percent more 
fog--winter 100 percent more 
fog--summer 30 percent more 
Precipitation: 

totals 5 to 10 percent more 
days with less than 5 mm 10 percent more 
snowfall 5 percent more 


Relative humidity: 


winter 2 percent less 

summer 8 percent less 
Radiation: 

global 15 to 20 percent less 
ultraviolet--winter 30 percent less 
ultraviolet—-summer 5 percent less 
sunshine duration 5 to 15 percent less 
Temperature: 

annual mean 0.5° to 1.0°C more 
winter minima (average) 1° to 2°C more 
heating degree days 10 percent less 

Wind speed: 

annual mean 20 to 30 percent less 
extreme gusts 10 to 20 percent less 
calms 5 to 20 percent more 


(from reference 12) 
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As urbanization spreads, we gradually alter our climate over 

a wider area and continue to magnify our pollution problems. 
Controlling or placing a ceiling on urban size and maintain- 
ina rural areas between urban centers will be necessary to 
maintain a good air quality in the future. 

Other Factors 

Our very way of life in North America contributes to a large 
degree to our mounting environmental problems. Our affluence 
places a strong emphasis on consumer goods. Advertising pushes 
us toward over-consumption and develops a throwaway psychology 
as the norm. Natural things are steadily displaced by synthetic 
products by our rapidly developing but uncontrolled technology. 
The consequences of some of these changes are seen as to neqga- 
tively affect our overall quality of life already now. 

Impact of Energy Resource Development 

Inasmuch as Ontario is an “industry rich and energy poor" 
Province and imports most of its energy resources, some of the 
environmental damage attendant to its eneray consumption wil] 
not occur in Ontario. The Province is fortunate in this sense. 
However, it must be realized that the present price of some 

of Ontario's energy purchases does not reflect the true. cost 
of the resource. It is apparent that the cost of such fuels 
will rise in the future as the government and people in these 
areas become more environmentally aware and costly pollution- 


abatement measures are undertaken. 


An example of this trend may be found in the Appalachia coal- 


mining area in the U.S. The coal mining industry there spent 
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6.1% of its capital investment in 1969 on pollution control 
measures. This figure increased to about 8.5% in 1970, (8) 
With enactment of the pending Mined Area Protection act 13) 
in the U.S., pollution-abatement costs and hence the cost 

of coal imported from that country, would be expected to 
continue to rise. This trend will exist also for fuels 
imported from other Canadian provinces. Fuels imported from 
the undeveloped areas of the world, however, particularly 
the Southern Hemisphere, would likely be subject to lower 
pollution-induced price increases over the longest period of 


time. 


The following summary only applies to the impact on Ontario's 
environment of obtaining fuel. 

Onakawana Lignite Deposits 

At the present time all of the coal used in Ontario is imported 
and hence produces no pollution problems here. However, the 
Onakawana lignite deposits inNorthern Ontario are being con- 


(14) 


sidered as an energy source. While the available technical 
information concerning the Onakawana lignite deposit is sparse, 
fairly accurate generalizations can be made with regard to 

the probable environmental impact of mining the deposit. 

Water Pollution 

Since the Onakawana lignite deposit is overlain by an average 
of 65 feet of slit, sand and boulder clay, it appears unlikely 


that a conventional underground mining plan could be followed 


with any degree of safety. Consequently, a surface method 
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of mining which would minimize the impact on the environ- 
ment could be followed. A specific method is suggested 
in a brief analysis of the problem contained in reference 


15. 


The overburden heaps in the coal-producing Appalachia region 
of the U.S.A. generate acid mine drainage problems. However, 
the overburden of the Onakawana deposit will not generate 
acid mine drainage, because; 
(1) The material covering the Onakawana deposit consists 

of sand, gravel, limestone, shale and clay, which 

was deposited in the area as a result of glaciation. 

Iron sulfides, which produce acids, do not occur 

to any significant extent. 
(2) The overburden is quite alkaline in nature and will, 

in all probability, neutralize any acid that miaqht 

be generated. 
The Onakawana River, however, runs directly across the extent 
of the deposit, as it is currently known. Consequently, if 
the water quality of the Onakawana River and other streams 
in that drainage basin are not be be affected by mining 
operations, considerable quantities of lignite adjacent to the 
rivers will have to remain untouched. Alternatively, the 
river itself might be diverted (into the Abitibi River) before 
it reaches the mining area. However, detailed ecoloagical 
studies of the area should be made prior to selecting this 


approach. 
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Publications from Australia indicate that lignite mining 
faces are continually subjected to a water spray in order 

to avoid spontaneous combustion. If water sprays are 
required at the Onakawana property, turbid runoff could 
occur. Due to the nature of the operations, however, runoff 


problems of major proportions are unlikely to develop. 


Finally, it is suggested that the deposit should not be 
developed unless the rehabilitation procedures required under 
the terms of Section 168 (1) of the Mining Act closely follow 
mining operations. The natural surface of the landscape would 
be entirely destroyed but spoil (waste) piles can be recon- 
toured and revegetated as mining progresses. Also, the 
recontoured waste piles should be revegetated with species 
native to the area. In this regard, revegetation and proper 
contouring will be difficult if not impossible during the 


long winter months. 


In summary, it is clear that a detailed study of the environ- 
mental problems is needed before the development of the area 
begins. However, preliminary studies indicate that acid 

mine drainage should not be a problem. Obviously, processes 
such as mining under wet conditions and coal washing could 
give rise to turbid effluents in the streams of the area. 
Land rehabilitation should and could be undertaken as mining 


proceeds. 


Air Pollution 


The mining of the Onakawana lignite should not cause any major 


air pollution problems. 
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Impact on Land 

Past experience has shown in a variety of ways, that nature 
as a whole is in a state of dynamic equilibrium. It may be 
expected that mining and industrial activities in the James 


(16) Environmental 


Bay area will affect this equilibrium. 
problems, which could occur, may be intensified when the 
environment is imperfectly understood, and especially when 
it constitutes special problems of temperature and drainage 
as does the northern regions in Ontario. The capacity of 


northern ecosystems for the assimilation and conversion of 


pollutants is not well-known. 


The prospect of opening the Onakawana deposits and the planned 
development by the Province of Quebec of hydroelectric power 
sources in the area east of James Bay, will focus attention 

on the area, with its considerable potential in pulpwood, 
minerals, and water resources. The increasing demands for 
energy and food constitute pressures which may induce the 
eventual industrialization, land development and urbanization 
of this vast area, with attendant threats to the environ- 
mental quality and its complex ecosystem. 

The Province of Quebec has undertaken, or is planning, more 
intensive ecological studies of the natural environments. |? 
The Ontario Water Resources Commission together with the 
Federal Government have carried out a five-year water resource 


(18,19) 


study but no eocological studies. The former Lands and 


Forests has initiated plans to carry out ecological studies 
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in this area, (20) initial phases have begun and a pre- 


liminary report on one aspect (wildlife inventory) has 


been subuitted. © 


The impact on land and the ecosystems, 
if the Onakawana lignite field is developed, is concerned 
with: 

(1) The loss of the wilderness values of the area 
a result of the probable open pit mining 
activity. 

(2) The making of a large man-made body of water 
which may or may not be detrimental. 
Notwithstanding the fact that some environmental studies are 
currently underway or planned, knowledge of basic biological 

processes in these undeveloped northern regions is still 
scarce. Consequently, it is recommended that significant 
development of the region should be preceded by a compre- 
hensive investigation. 

230 Oil 

re eg Water Pollution 
Oil production produces a very small impact on the aquatic 
environment in Ontario. At present, drilling is banned 
on all of the Great Lakes except Lake Erie, from which gas 
is taken. In the event that oi] production is allowed 
on Lake Erie on the other Great Lakes, the consequences 
on the aquatic environment could be significant and would 
have to be evaluated in detail. The environmental concern 


centers about the possibility and consequences of accidental 
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oi] spills during drilling and production operations. 


Such a prospect should be the subject of an  Environ- 
mental Impact Statement. 
Air Pollution 
To date the oi] producing areas have not produced siaqni- 
ficant air pollution problems. No future problems are 
expected unless massive new deposits are located. 
Impact on Land 
The impact on land from oi] drilling activities is concerned 
with: 
(i) Staking and locating procedures in the field. 
(ii) Access road location and construction to the 
drilling and well sites and line cutting, etc., 
in connection with geological and magnetometer 
surveys. 
(iii) Location of drilling sites. 
(iv) Waste-disposal practices. 
(v) Prevention of accidental spills and fires. 
In the above, the main goals are to minimize the impact on 
forests, fish and wildlife habitat, landscape and aesthetic 
values through the application of approved plans and methods 
before, during and after the various stages of action re- 


quired in the exercise. 


Should oi] or gas deposits in Northern Ontario be located, 
broad-based ecological studies, as outlined previously 
for the Onakawanaarea, should be carried out before develop- 


ment proceeds. 
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Gas 

Gas wells in Ontario are primarily restricted to offshore 
drilling rigs in Lake Erie. These rigs have presented 

a hazard to fishing gear in the past but are now fitted 
with equipment to fend off nets. These wells have not 

had a significant impact on the aquatic environment. 

At present most of the sources are distant from popu- 
lation centers and thus present a minimum air-pollution 
problem. 

Uranium 

Hundreds of deposits of uranium-thorium minerals are known 
to occur in Ontario. At the present, however, production 
comes only from Elliot Lake and Bancroft areas. By 1991 
Canada may have 30,000 to 50,000 MW of installed nuclear 
power plant capacity of the CANDU type. As a result the 
total nuclear fuel requirements will be modest compared 

to known reserves. The world's total nuclear power plant 
capacity may be over 30 times that of Canada; consequently, 
the availability of world markets and the desire for 
exports may determine if a significant quantity of Ontario's 
uranium is to be mined, and what the subsequent impact to 


the environment may be. 


The discussion below covers the environmental impact of 
mining and milling uranium because this first processing 
step occurs in the mining areas. The impact of further 


refining the uranium ore is discussed in the next section. 
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Water Pollution 

The mining of uranium results in a significant impact upon 
the aquatic environment. Vein and peqmatite deposits tend 
to be relatively small and do not contain sianificant (from 
an environmental standpoint) quantities of re-active (iron) 
sulfide minerals. The Bancroft deposits are of this type. 
Serious water quality problems such as the generation of 
acid mine drainage do not occur as a result of mining and 


(22) 


milling these deposits. Approximately 80 percent of 
the present Canadian production, however, comes from the 
pebble conglomerates of the Elliot Lake district. These 
conglomerates, unfortunately, contain sianificant concen- 
trations of (iron) sulfide minerals which, at present, 

have no economic value. Discarded as waste, these sulfides 
react to form acid-producing water soluble salts, causina 


mine-drainage robin 


The disposal of uranium mining wastes, using practices 
which were considered to be standard in the mining industry, 
has resulted in serious long-term radiological and chemical 
pollution of the waters of the Serpent River basin. 4? 
The main sources of the problem are the waste-water dis- 
charges from both active and abandoned tailings areas, 
which have resulted in increased radioactive Ra-226 levels 
in almost all waters of the basin, severe depression of 
pH and excessive increases in dissolved solids, sulfates 


and nitrogen levels, and sharp reductions in fish popu- 


lation and other forms of aquatic life. 
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The most sianificant impairment was evidenced by increases 
in RA-226 in the water by factors of 50 to 200 over the 
background levels in certain lakes, which decreased 
linearly with distance downstream from the emission loca- 
tion. Average RA-226 levels in the basin are shown on 
Figure 3. Levels above 3 pCi/1] exceed the desired water 
quality value. Since changes in other water quality 
parameters generally followed a similar pattern, the 
Ra-226 distribution can be used as a general indicator 


of water pollution in the basin. 


Significant quantities of radioisotopes have been concen- 
trated by the aquatic organisms. Although some radio- 
activity was absorbed by fish, consumption of fish flesh 
appears to present no public health hazard. Finally, 

the residents in uranium mining areas do receive slightly 
higher doses of radioactivity than persons in the rest of 
the Province. The main source of the increased dose is 


the use of water. 


The main impairments in the chemical quality of the water 
were the serious depression of pH and the 8 to 15 fold 
increases over background levels of dissolved solids, 
hardness, sulfates and nitrogen. The flow-through time 

for the largest lake in the system is estimated to be 

about 3 to 4 years. Thus, it may take several years before 
the effects of neutralization of the seepage and wastes 

can be measured. However, once the pH levels in the water- 


shed are restored, ammonia may become a serious hazard to 
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Table IV summarizes the pollutant waste load for the 
Elliot Lake region, corresponding to a production of 
4500 tons of uranium oxide. Without corrective mea- 
sures these wastes will increase directly with increa- 


sing production. 


In the future, the uranium mining industry must revise 
its practices for use of water and waste disposal systems. 
The following steps are necessary for the protection of 
environmental quality in the mining areas: 

(i) Stabilization and maintenance of all abandoned 
tailings areas to secure, in perpetuity, their 
containment including isolation and cover, 
erosion control and, as required, treatment 
of seepage and runoff should be provided by 
the mining companies or their successors res- 
ponsible for the disposal sites. Provincial 
legislation dealing with stabilization of 
tailings areas by vegetation or other methods 
should be extended to include abandoned areas 
and, as required, treatment of seepage and 
runoff. 

(ii) Mining companies should pursue the use of improved 
waste treatment techniques such as sulfide removal, 
and if necessary, ion exchange, reverse osmosis, 
etc., should be considered to improve the chemical 
quality of mill wastes and tailings. First prio- 


ity should be given to the control of pH and toxic 
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TABLE IV 


Waste Loading into Serpent River Basin (1966-1969) 4? 


Type 


Ra-226 microcuries/day 
Alpha Emitters microcuries/day 
Beta Emitters microcuries/day 


Dissolved Solids 1b/day 
Total Nitrogen Llb/day 
Sulphates 1b/day 


Tron 1lb/day 


Chlorides lb/day 


Yearly Average 


1, ,300 
39,000 
38,700 

301,000 

8,300 

171,000 

2,100 


8,500 
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compounds such as heavy metals and ammonia. 

(iii) Use of lake basins for containment of tailings 
at new mining locations should be prohibited. 

(iv) Further studies are needed to examine the total 
human intake of radioactivity through air, food 
and water in those areas where waters containing 
stgnificant quantities of radionuclides are used 
for domestic water supply. It is expected that 
the radiation dose resulting from short-term use 
of these supplies may not present a significant 
hazard to health; however, it would be advisable 
to consider alternate supplies since any unneces- 
sary exposure to radioactivity should be kept to 
a minimum. 

(v) Further studies are needed to define the levels 
of dissolved solids, particulary sulfates, neces- 
sary for restoration and maintenance of a healthy 
balance of the aquatic life. 

chaz Air Pollution 

In some areas of the world airborne radioactive substances 

have been identified as responsible for increased occasions 


(23) In mining uranium the main problem is 


of lung cancer. 
gaseous radon and its decay products. Forced ventilation 
through stacks is usually used with air-cleaning equipment 
and as a result, the quantity of airborne dust released 


to the atmosphere is usually very small. Dilution in the 
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atmosphere makes their concentrations insignificant rela- 


tive to the amount of these gases normally present. 


While the residents of the uranium mining and milling areas 

are exposed to somewhat higher levels of radioactive wind- 

blown particles, this is a minor source and does not repre- 

sent a serious health problems (24) Future increased levels 

of uranium mining will increase the atmospheric levels of 

radioactive substance. 

Impact on Land 

The impact on land from uranium mining activities is con- 

cerned with: 

(i) Prevention of increase of radioactivity in soil, 
plants and animals. 

(ii) Disposal of the mine wastes in or over the land. 

(iii) Staking procedures in the field and access-road 
location and construction for prospecting and 
mining. 

In the above, the main goals are to minimize the impact on 

plants, wildlife habitat, landscape and aesthetic values 


through the application of approved plans and methods. 


Impact of Transporting Fuels 


Coal 

The transportation of coals does not create environmental 
problems, but unloading and storage of coal results in 
localized wind-blown dusting. This can be partially con- 


trolled by the use of additives. Further, the use of air 
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curtains (that is sheets of moderate velocity air) 

shows good promise for the containment of such dusts. (2°) 
New installations should be equipped for the prevention 
of wind-blown coal. It is believed that present techno- 


logy can control these dusting problems in the future. 


Large consumers of coal require extensive stockpiles 
(as shown in Figure 4), and these together with their 
continuous relocation produce local air-pollution prob- 
lems which are of major importance to the neighbouring 
residents up to about two miles. Future stockpiles will 
become both larger and more numerous, but this problem 
can be handled in the future by existent fechnelodvae 
011 
A potential danger to the aquatic environment is the possi- 
bility of a major spill arisina from either a pipeline break 
or a collision between vessels transporting oi]. In the 
report of the International Joint Commission on the Pollu- 
tion of Lake Erie, Lake Ontario and the International 
Section of the St. Lawrence River, it is stated: 

"although the likelihood of a major oi] spill 

on the lakes is fairly remote, the risk is 

real and continuing. The loss of 1000 tons 

of bunker fuel or similar petroleum product 

would be enough to pallute extensive areas 

of the lake and many miles of shoreline. The 


immediate consequences of such a disaster 
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FIGURE 4 


View of Lakeview Generating Station, including coal pile, near end of shipping season. 
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would be the damages to water supplies, bath- 
ing beaches and other receational facilities, 
as well as the destruction of large number of 
waterfowl. The effects of oi] pollution on 
the littoral ecology are largely unknown but 
experience elsewhere indicates that some of 
the methods used to remove or disperse the oil 
are more harmful than the oi] itsere."(27) 

In order to minimize the adverse effects which would almost 
certainly result from a majorspill, a comprehensive program 
for combatting spills must be developed. In this regard, 
an Interim Province of Ontario Contingency Plan for spills 
of oi] and other hazardous substances has been formulated (22) 
but has not yet been established as effective and viable 
solution to the spill problem. 


Because a massive spill on the Great Lake or connecting 


waterways might also affect the U.S.A., both Federal a 


and faternatdanale a 


Contingency Plans have been developed. 
Depending on the severity of a spill, the Province of 
Ontario Contingency Plan only might be implemented, however, 
if an escalated response was necessary, the Federal Plan 
would be implemented. If U.S. waters were being affected, 
then the International Contingency Plan would be implemented. 
All three of these Contingency Plans have been formulated 


to complement each other in the event that an escalated 


response iS necessary. 
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Several separate problems attend oi] pipelines. Because 
the pipelines carry very large volumes of oi] between 
gate valves, this presents a serious but local problem 
from the released oi] on the land, unless it is close 

to a population center in which case the danger of fire 
is considerable. Environmental damage in oi1-soaked 
areas usually results in denuding of vegetation, especia- 


lly if crudes or light fuels are involved. 


Experience in the U.S. indicates that ground water may be 
contaminated in instances of disposal of oi1-soaked material 
or dirty oil by burying. Although evaporation would be of 
assistance in a surface spill, the shallow nature of much 
of Ontario's ground water could result in contamination 

of ground water. 

Gas. 

There are no water-or air-pollution problems associated 
with the transportation of natural gas with the exception 
of an accidental release of the fuel. The problems atten- 
dant to production of gas through coal gasification are 


described later. 


The impact of transporting and processing gas by pipeline 
is concerned with: 

(i) Location of the pipelines. 

(ii) Access road location and construction 

(iii) Location of gas-line pumping stations and other 


facilities, 
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(iv) Waste-disposal practices. 

(v) Maintenance procedures and methods. 

(vi) Prevention of accidental spills and fires. 

In the above, the main goals are to minimize the impact 
on forests, fish, and wildlife habitat, landscape and 
aesthetic values through the application of approved 
plans and methods before, during and after the various 
stages of action required is the exercise. A summary 
of past practices and desired procedures for pipeline 
construction and maintenance is given in reference 31. 
Impact of Processing of Fuels 

Coal 

Processing of coal for the production of coke and coke 
oven gas results in significant environmental problems 
which are discussed in the @ction of industrial energy 
use. 

Crude Oi] 

Crude oi] at present is not used in its natural form, 
but is processed into a variety of end products. In 
Ontario the bulk of the crude oil is imported from 
Western Canada and to a minor extent from Venezuela. 

In 1970 production from Ontario fields supplied less 
than 1% of the total refinery intake (032) 
Refineries process crude oi] to produce fuels for the 
transportation sector, fuel oils for utilities, house- 
hold commercial and industrial consumers and provide 


feedstocks for the petrochemical industry. In many 
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cases petrochemical feedstock is used captively in 
highly integrated refinery and petrochemical operations. 
It is therefore difficult to single out the environ- 
mental impact originating from the processing of crude 
oils alone, since the petrochemical operations also 
contribute in varying dearees to the overall environ- 
mental impact. Within these limitations the environ- 
mental impact of refinery operations resulting from the 


processing of crude oils will be discussed. 


In Ontario there are presently seven refineries with a 
total capacity of about 400,000 barrels per day. Three 
refineries with about 60% of the capacity are aggre- 
gated in the Sarnia area. The remaining operations are 
located along Lake Ontario between Oakville and Missi- 


ssauqga. 


The increasing energy demands of the Province will result 
in increasing refining capacity (See Table V) in order 

to meet the increasing demands of automotive and avia- 
tion fuels and fuel oils for the production of heat, steam 
and electrical energy by the various consumers. This 
increase in capacity potentially may result in increasing 
emissions of pollutants, unless refining technology is 
modified and abatement of pollutant emission is improved. 
Water Quality 

Refineries are the source of a variety of pollutants 


discharged into some of the Province's water bodies, 
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i.e. the St. Ciair River and Lake Ontario. Table VI 
summarizes the main pollutants discharged into the 
water. In addition estimates were made of refinery 
waste discharges in 1981 and 1991 for both current 
refining and treatment methods and the best refinina 


and waste treatment processes available at that time. 


As a result of continuing advances in waste treatment 
and process technology, waste discharges into the water 
bodies are expected to decrease in the future despite 
the increase of refinery capacity. However, because 

of the large quantities of oil and refinery products 
handled at refineries, there is a siaqnificant potential 
for accidental spills of oi]. Consequently, provision 
of contingency plans for accidental spills will become 
increasingly important in the future. 

Air Quality 

Nil refineries produce a number of air pollution problems. 
Refineries and their distribution system are a major 
source of hydrocarbon emission and contribute in varying 
degrees to the total emission of sulfur oxides, carbon 
monoxide, nitrogen oxides and particulates. In addition, 
refineries may be an irritating source of malodorous 


compounds. 


The emission of main atmospheric pollutants was estima- 
ted on a basis of data of refinery surveys (Table V). 
Projections of refinery emissions were made under the 


assumption that existing control technology for refinery 
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emissions will remain unchanged. Hydrocarbon emission 
of distribution systems was estimated assuming no 


further abatement and considering a reduction of 40%. 


Figure 5 projects HC emission of refineries and their 
gasoline distribution system relative to the largest 
hydrocarbon (HC) emission sources, i.e. automobiles, 


for the next 20 years. 


The two main sources of HC emission of refineries 

and their distribution systems are cone roof storage 

tanks and loading facilities of volatile HC's. Effective 

control for a substantial reduction of HC emission of both 
sources are feasible by equipping cone roof storage tanks 

with "floating" roofs and by avoiding "splash" loading 


of tank cars and storage tanks. 


In a collective effort refiners agreed to reduce emission 
of distribution systems by 40% within the next 9 years. 
However, increasing gasoline sales and corresponding 
increasing HC losses will result in increasing HC emis- 
sions. By about 1980 emissions from distribution sys- 
tems are expected to be back at 1970 levels and to 
increase thereafter. Capital expenditures for a 40% 
reduction of HC emission were estimated to be $0.50 

to $0.55 per recovered gallon HC per year. A maximal 
reduction of HC emission of about 75% is feasible, 

but the need to reduce HC emission has not been demon- 


strated yet. 
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Figure 5 
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Projected HC Emission in Ontario by Source 
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Due to the complexity of refinery operations, the 
reduction of refinery HC emission is difficult to 
estimate. Despite increasing controls, HC emission 

may be expected to increase as refining capacity will 
increase. Refineries and their distribution systems 
will be the main emission source for hydrocarbons after 
about 1983. As a result the combined total HC emission 
of the three major sources is expected to be back at the 


1970 emission level by about 1995 (Figure 5). 


Emission of sulfur dioxide are mainly a function of the 
Sulfur content of the crude oil being processed. Sulfur 
oxides (SO, ) and nitrogen oxides (NO) originate from 
combustion sources including catalyst regenerating units, 
boilers and process heaters. Refineries have a choice 
of a variety of strategies to comply with S0, emission 
standards such as: 

(i) Use of low sulfur grade fuel 

(ii) Desulfurization of residuum 


(417) Stack Height. 


Refineries in general use their own heavy crude oi] 

cuts for power generation. Therefore their S0, output 
depends largely on the sulfur content of the residuum 
fuel oil. Desulfurization of residuum oi] is feasible 
and costs about 1] to 16¢ per MM BTU for a 70% reduct- 


ion of the sulfur content. 


S040. 


oo 
_ aly 
th ix a ‘sins atte z2€ nzeavoni a panes id 


’ SST ev2 ao rr ie abet t “a. sotventtai sezesraeh 


is 


a 
AE arodveanr nut 19), agyue. nob neiine ten, ads ad Phe 

; 7 ie : 
J ' ais ra be ait je E 7 CS ? y J a ory 8 2A £804 taeda, / te Now ? : 


Ri bd —5 Gu 
i} 


- 96d 2 4oet od “¢ cf Asotwoe yobs sovtt oft Yo ay 


unit) 2°80 tuode yd faval nobeztne OTeT 


morfoy *, shblnoth suttue to noteatal 


Agrhi ‘wl [fo ehowo oH) Yo Instaos whuz 


Te 21 : oh nner 3 wo potbufant -rsasuoe? nots 2wdinoo: 
, se) } 
| 2085 rig ty 2vati¢ — 
oj eplostartse to vislsev # Yo 
24 fou2 zh 1ebAste 
7 
n ; 
wifus 76 9a (ft) 
» 
woltextaut feed (tt) 
, vk on » ‘ ‘ 
a Shots does2 (tht) 
7 


7 Lo shyt yaad amd viet? orw fievense Wt 2etsearten 
jatue .Oc Sled? svatay hgetenep rawoq Yo? 27u5d 
» yfeovel 2bnaqeh 
aldbass 2t he wat 2e¢ 40 nother i tivesd tho fou? 


if tvede z2gma brs 


twernes wilue 9 


NO, emission is presently considered to be of rela- 
tively minor magnitude. If unabated, NO, emission may 

be expected to increase but will continue to be a minor 
fraction of the overall NO. emission. A reduction of 

NO. emission of up to 50% is feasible by the use of low- 
excess air furnaces. Low-excess air furnaces are more 
efficient than conventional furnaces and therefore reduce 


the cost of heat while reducing NO. emission. 


Better fuel efficiency of low-excess air furnaces should 
provide an incentive for industry to favor low-excess 


air furnaces for grass-root facilities. 


The main source of CO and particulate emission is the 
flue gas from the catalyst regenerators of the catalytic 
crackina units. Flue gas may contain up to 8% CO. 
Modern refineries are equipped with CO boilers and 
provisions for flue gas particulate recovery, which 
nearly eliminate CO emission and largely reduce parti- 
culate emission. Such refineries therefore are only 

a minor source of total CO emission. CO emission by 
older refineries may be expected to decrease as uneco- 
nomic operations are phased out. Particulate emission 
is of minor magnitude, although excessive emission 
does take place occasionally upon process upsets in 


the catalytic cracking units. 


Malodorous compound emission is a local nuisance and a 


source of many complaints. Usually poor household 
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practices could be accounted for this problem. In 
refinery surveys such practices were identified and 
recommended to be discontinued. 

Impact of Refineries on the Environment 

Although ambient air concentrations of gaseous HC have 
not demonstrated yet direct adverse effects on human 
health, they are one of the two main components respon- 
sible for photochemical smog. Parts of the photochemi- 
cal smog complex are intermediate reaction products 
such as photochemical oxidants and aldehydes, which are 


known to cause human discomfort and plant damage. 


At present smog does not constitute a health problem in 
Ontario. However, tobacco plants and white beans were 
affected adversely in southwestern Ontario as a result 
of the presence of photochemical oxidants. Since the 

areas affected are mainly agricultural, it is likely that 
the injurious oxidants or their precursors originated 


elsewhere. 


Presently there exist no provincial air-quality criteria 
for HC's. A federal standard of a maximum concentration 
of 0.24 ppm HC during 3 hours was proposed in accordance 
with the observation that in the Los Angeles basin HC 
concentrations of as low as 0.3 ppm resulted in photo- 
chemical oxidant formation of a concentration of up to 
0.1 ppm for an average period of one hour. However, 


Ontario's climatic conditions differ substantially from 
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the smog favoring atmospheric conditions of Los Angeles, 
resulting most likely in a different HC threshold con- 
centrations for photochemical smog formation. Maximal 
total HC concentrations in Ontario were 8 to 18 ppm in 
1970. This concentration range includes also naturally 
occurring methane, which is a very inert HC in photo- 
chemical reactions. The available data for total HC 
concentrations therefore are of little value for corre- 
lating HC concentrations in air and occurrence of photo- 
chemical smog. At present, no prediction of the future 
impact of increasing HC emission from refinery opera- 
tions may be made and no environmental limit for HC 


concentration in ambient air may be established. 


Refineries are prone to violate the SO, air quality 
standards of Ontario. Presently, the one-year averaae 
SO, levels in many urban areas of Ontario exceed ambient 
air quality standards. Although it is recognized that 
refineries are not a major source of overall SO. 
emission, the over-saturation of air with S0, indicates 


the need of strict compliance with the present standards. 


Both NO, and particulate emission may be expected to 
increase but will continue to be a minor fraction of the 
NO. and particulate emission. The emission of CO is 
minor compared with other sources and does not present 


an air quality problem. 
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Uranium 
The processing of nuclear fuel, beyond the milling opera- 


tion, causes a number of potential pollution srubhamey 4! 


The refining of ore concentrates received from the mills 
and the production of uranium dioxide (U0,) for use in 
the CANDU system result in solid wastes and spent chemical 
solutions requiring treatment and disposal. Further, the 
production of heavy water, used by moderators in the 
CANDU system, also represents a pollution potentials, and 
the reprocessing of fuel elements could lead to serious 


waste-disposal problems. 


Water Pollution 


Ct) Uranium Dioxide (U0) Production The refining of 
ore concentrate received from the mills and the 


production of uranium dioxide (U0, ) for use in the 
CANDU system is carried out as part of Eldorado 
Nuclear's refinery operation in Port Hope. Due 

to lack of market, the U0, plant has been closed 
for three years, and no current operation data 

is available. At present, uranium dioxide for 
existing contracts is manufactured from a stock- 
pile of the intermediate product, ammonium diura- 
nate. The ore concentrate contains 15 - 35% 
impurities which are removed, precipitated with 
lime, and disposed of as solids. In the past, the 


leaching of radium and arsenic from the dump sites 
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has been a problem. The problem has arisen 


as a result of poor land-disposal-practices 
utilized prior to 1967. A leaching problem 

is not expected to arise from the cut and fill 
process used since 1967. The feasibility of 
treating the wastes, prior to the lime treatment, 
to precipitate the arsenic and radium in forms 
which will be less susceptible to leaching is 


also under study. 


Spent chemical solutions containing nitrate and 
ammonium ions represent a further disposal prob- 
lem. Utilizing the waste loading figures of 620 
lbs. nitrate jon and 220 lbs ammonium jon per 

ton of U0, produced and the projected requirement 
of 10,000 tons of U0, per year for Ontario reactors 
in the year 2000, it can be estimated that 3100 
tons per year of nitrate and 1125 tons per year 
of ammonium will be discharged as by-product. 

It is expected however that a satisfactory 

method of treatment will be developed before 


the expected waste loadings materialize. 


In summary, it is believed that treatment 
methods will be developed that will prevent 
the wastes from the refining of uranium having 
any significant effects on the water quality 


by 1991. 
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Heavy Water (D0) Production - Deuterium, 
a heavy isotope of hydrogen, is present in 
fresh water at a concentration of about 150 
mg/1. The process for separation and concen- 
tration of this naturally occurring deuterium 
depends on an enrichment process based on the 
temperature-dependent equilibrium between 
hydrogen, deuterium, and hydrogen sulfide 


(HS). 


The Bruce Heavy Water Plant, located at Douglas 
Point, Ontario, has been designed to produce 
800 metric tons per year of heavy water from a 
feed of about 13,500 U.S. qpom of Lake Huron 
water. This plant, which will be the largest 
of its type in the world when completed, will 
have a total inventory of 1,200 tons of hydro- 
gen sulfide in the process equipment when in 


operation. 


Under normal circumstances, the only Hos 


released in the liquid waste from the heavy- 


water plant will be present in the 13,500 


‘@pm.process waste stream. This stream, with 


a design maximum Hos concentration of 1 mg/1, 
will be discharged into one of two lagoons 
each of which has a three-hour retention time. 


Because the lagoons are aerated, it is expected 
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that the concentration of HS will be reduced 
to an extremely low level, although precise 
estimates of the lagoons performance cannot 
be made due to a lack of data for HAS treat- 
ment systems of this type. 

There will be two other significant aqueous 
waste streams from the Bruce Heavy Water 
Plant and these are the discharges from the 
two separate cooling water systems. These 
discharges, of 75,000 U.S. gpm each, will 
normally contain no Hos. It is to be expected, 


however, that minor leaks may occur and if so, 


these will result in some H,S gaining access 


2 
to the cooling-water flow. 
Because of the possibility of some HS leakage 
into the cooling water, and because it is also 
possible for the lagoon effluent to contain 
some residual HoS, the OWRC has approved the 
waste treatment facilities on the condition 
that the maximum loading of Hos to Lake Huron 
over a one hour period will not exceed 18 
pounds. This loading corresponds to an HoS 
concentration in the combined effluent of 0.09 
ppm, which is within the limits considered 


safe for fish. 


- 101 - 


ery, bial Ode ) | 
ie ae “ i 
re ial i 
— i Alog: eh ee 


eer 
Oe a) (oe ee we 
bab eels el he Nye Rie oo 
- 7 af , * 
ay f 


i ay" 


a | fi 
ia 


ae ri 


ey 
mo mr: 7 


jae Ut baa dab a 00 petit i : Sy 
erect enhateg. we ob tues iitwieest 
ee Ln). 
Oph twat SoH amine to urtrtdteeeg er . - “y 
orls ef ¥f devshed bney etn ‘ont 1065" aa aia? a ul 


Hisghon at Shi ad egos! sy VO? ofétesag i | | . 
Sct, DuvOwnga. ead aan edz 2H feuntne’ anor | 
nol Tied ahd He eat tas? Inamdsard stacw 
Tol 96) 02 2H Yovpetieot muamtxem get atsde 
Sf besana ton (ite hobweq wed sod 4: qev0 | ii 
“ee a ebioge ae pmibeatiatit: vebmuog 9 
0.0 Jo Jrautive Dentileins arkt MP HOLterInsDq00 | 
bevabitinua, eatin Which 2h uote emg 
i -Watt.s0% atee = 


+ aeeboaty i ane 


= (fb 


cee PY 


It is possible, of course, that failure of 
certain process equipment could result in 
OpLLls” of H48 in concentrations far above 
those expected during normal operation. 

The probability of such failure is low, how- 
ever, and therefore the plant is not expected 
to present a serious threat to the aquatic 


environment. 


Air Pollution 


Airborne effluents from nuclear fuel processing beyond 


the milling operation vary in terms of volume, concen- 


tration, and chemical composition, depending upon their 


origin. 


All these operations in fuel processing are 


potential sources of radioactive airborne dust. 


(i) 


Fuel-Fabrication Plants - Dust or fumes are 


controlled by conventional gas cleaning equip- 


(35) Dust emission consist essentially 


ment. 
of uranium or thorium compounds involved in 

the process. The gases evolved from a fuel- 
processing plant are usually contaminated with 
such chemicals as nitric acid and organic 
solvents, as well as with fission products, 
depending upon the particular process employed. 
Since fuel processing requires treating effluent 
gases to remove minute quantities of radioactive 
materials, it removes many of the nonradioactive 


components as well. In these operations, the 


relatively high economic value of the product 
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(ii) 


material makes it unlikely that significant 
air contamination will occur in normal 
operation conditions. 

Fuel-Reprocessing Plants - As yet, there are 
no fuel reprocessing plants in Ontario, how- 
ever, it is a reasonable assumption that 
such a plant will be established during the 
time interval of this study. Consequently, 
some of the environmental problems, which 
could arise, are outlined here. In order to 
extend the supply of nuclear fuel, reprocessing 
is highly desirable. When a reactor core has 
reached the end of its useful life, only a 


small amount of 235), will have been consumed 


by fission and an additional amount of ser 


e396.» The fuel 


will have been transformed to 
with its inventory of fission products, may 

then be removed from the reactor and transported 
to a chemical processing plant where uranium 


and plutonium are recovered for use in a new 


fuel elements. 


Even though the fuel is stored to provide time 
for radioactive decay, a large quantity of hiahly 
radioactive material is still present when the 
fuel reprocessing begins. The greatest potential 
danger of air contamination arises at a fuel 


reprocessing plant. 
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The most critical problem of air pollution 
from a potential fuel reprocessing plant is 
possibly the release to the atmosphere of 
Bo kr (half-life of 10.8 years). Location of 
the fuel-reprocessing plant in the site of 
favourable weather conditions and the use of 
high stacks are possible methods to keep BOK, 
ground-level concentrations below a permissible 
ambient level of 107 mci/cc. Eventually, the 
discharge of noble gases may be prohibited 
during the reprocessing of nuclear fuel. A 
number of methods for aes removal from aas 
streams are available and inelude; room tempe- 
rature absorption on charcoal, silica gel, or 
molecular sieves, low temperature absorption 

on charcoal or molecular sieves, cryogenic 
distillation and scrubbing, extraction by 
liquids, and thermal diffusion. These processes 
are-at various stages of development, and most 


can remove more than 90% of the Boke, 


Gases can be stored for radioactive decay until 
meteorological conditions are adequate for dilu- 
tion and dispersion in the atmosphere. This 
technique will probably be favoured by the nuclear 


industry, but should be officially discouraged. 


The fact that radioactive substances can cause 


damage to people, plants and animals and can 
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enter food chains is well-known. Since its 
inception, the nuclear industry has been aware 
of the potentially hazardous effects of its 
wastes. Standards for permissible concentra- 
tions of radioactive pollutants in the environ- 
ment have been established. However, the per- 
missible release standards are to be questioned 
because they are 10 to 100 times higher than 
what is actually being released. This situation 
is discussed more fully in a subsequent section 
dealing with nuclear power plants. In any event, 
effective containment and disposal methods are 
absolutely necessary for fuel reprocessing plants. 
Heavy-Water Production - The operation of a 
heavy-water plant involves large quantities of 
hydrogen sulfide, which is used for the enrich- 


ment process. 


During the normal operation of the plant there 
are continuous emissions of H4S via a flare 
stack where provisions are made for combustion 


of the gas. 


A summary of the sources of HoS and possible 
ground level concentration emissions from a 
heavy-water plant is given in Table VII. In 
the event of an upset condition in the process, 


some of the equipment may have to be isolated 
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TABLE VII 


Sources, Operations and Concentrations 
of HS Released from a Heavy Water Plant 


ER A A A SE A ES EN A 


HS Ground=Level Concentrations | 


Emitted to 


Source /Operation 


Normal operation 
Storage and loading 
Process draining 


Emergency venting 


| Major failure 


Data from reference 36. 
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and vented to the atmosphere via the flare 
system and consequently the ground-level con- 
centrations of H,S would exceed the Ontario 
Ambient Air Criteria of 0.25 ppm for one hour. 
The frequency of such upset conditions is 
unknown at this time, but it is expected to be 
higher at the start-up of the plant and decrease 


as more experience is obtained. 


Emergency venting through the flare stack is a 
remote possibility, but in the event of such 


an occurrence, up to 900,000 Ibs. of H.S per 


2 
hour would be released to the flare and the 
ground-level concentrations would exceed the 


criteria. 


A major failure in a critical piece of equip- 
ment, (the rupture of a storage vessel) could 
cause the release of 400,000 lbs. of Hos 
within an extremely short period of time. 
Dangerous concentrations, which may severely 
affect human life, can be expected as far as 

14 miles from the source. The probability 

of a major catastrophe is considered to be 

very low. A contingency plan to cope with such 


an event was developed 0) 
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Impact of Utilization of Fuels and Energy 


Impact of Electrical Power Generation 

Figure 1 shows that over the next two decades electri- 
cal power generation will become the higgest sinale 
consumer of our energy resources, inasmuch as Ontario 
appears to have little further potential for hydro 
power except in the far north. Unfortunately, fossil- 
fuel or nuclear power plants produce a variety of 
emissions which pollute the air and they discharge 


large amounts of waste heat into the water or air. 


Electrical utilities, including Ontario Hydro, have 
recognized the need for planning far in advance for 
future facilities. However, until a few years ago 
they have not had to take into account their overal] 
effect on the environment. Although work on emission 
control techniques has been accelerated over the past 
four or five years, the presently available engineer- 
ing technology is inadequate to meet our present needs 
of cleaner emissions. Power companies over North 
America are faced with increasing demands for electri- 
city, but their plans for expansion and satisfying 
this demand are being blocked by citizen aqroups con- 
cerned with conservation and the environment. It 
appears probable that Ontario Hydro will face increa- 


sing pressure from the public in the future. 
Air Poliution 


Emissions by Fossil-Fuel Plants 


The air pollutants emitted from fossil-fuel plants depend 
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upon the type of fuel used. The types and quantities 
of emissions from the burning of different fuels are 
shown in Table VIII. The lower levels of solid par- 
ticulate and sulfur dioxide emissions result from the 
use Of gas, which illustrates why many power plants 
in North America have been converted to this fuel. 
However, due to the fact that many organizations are 
solving their emission problem in this way, the 
supply of natural gas will become very restricted in 
approximately a decade or so if it is used as a general 
solution. Consequently, it already appears advisable 
to limit the use of natural gas to other situations 
where alternative emission abatement solutions would 


be prohibitively expensive. 


Oil reserves appear sufficient for several decades, 
while the Paoun reserves of coal indicate an adequate 
supply for several centuries. Consequently, we have 
concentrated on the effects of using primarily coal 
and secondarily oil, in future fossil-fuel plants. 

(i) Solid Particulates - Solid particulate emis- 
sions for all practical purposes are under reason- 
able control in large power plants (see Fig. 
6}. It is now largely a matter of satisfactory 
operation and strict compliance with the requ-- 
lations. A number of systems are available 


for dust or fly-ash control. However, electro- 
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FIGURE 6. View of 2000 MW 
Lambton Generating Station 


FIGURE 7. 
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Increase in cost of dust-collecting equipment in the Con Edison system, after 
Ramsdell and Soutar.3 The figures are corrected to present day costs, and 
include material and erection costs of collector, flues, support steel, and fly 
ash conveying facilities. 
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static precipitators offer the best long-term 
solution, even though they are massive and costly 
as shown in Figure 7. Ontario Hydro appears 
committed to this direction as indicated by the 
following quote from a recent publication, 26% 
"All the coal-fired stations are fitted 
with dust-collection systems to contain the 
fly-ash. The older stations have combined 
mechanical and electrostatic dust collections 
and the newer ones have electrostatic dust 
collectors only. The policy is to achieve 
a minimum of 99.5 percent dust-collection 
efficiency on all new boilers, but efficien- 
cies are lower than this for some of the older 
installations." 
Emission of Sulfur Dioxide 
Sulfur dioxide control and abatement represents 
today's air-quality battleground for the elec- 
Prachi pover industmay ne In 1970 Ontario's 
fossil-fuel plants consumed about 10 million 
tons of coal to generate the equivalent of about 


0.9 x10 4 


BTU of electrical energy (Fig. 8). 
Assuming an average sulfur content of 2.4% this 
resulted in the emission of 470,000 tons of 
sulfur dioxide into the atmosphere. (Fig. 9) 


Sulfur dioxide emissions are expected to 


increase as more and more fossil fuel plants come 
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FIGURE 8. 


Rough projection of generation of 
electricity from primary energy sources 
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into operation. Without abatement, sulfur 
dioxide emissions will be in excess of 1] million 
tons per year before 1990. Assumina that SO, 
control technology will become available by 

the mid-seventies, the reduced emission rate 

of S05 is indicated by a dotted line in Fia. 9. 
The impact of SO, emissions from power aenera- 
ting stations on the environment is severe. 

In 1970 for example, 77% of the SO, emitted 

in the Metropolitan Toronto area originated 
from two power stations. During this period, 
SO, ambient air-quality criteria were exceeded 
numerous times in Metropolitan Toronto. In 
1971, when the R.L. Hearn Station was partially 
converted to natural gas, the S05 emissions 
were reduced by about 54,000 tons. As a result, 
a significant improvement of Metropolitan air 
quality was observed as manifested by a steep 
decrease of times the SO, ambient air quality 
standards were exceeded. 

Numerous methods for the reduction of sulfur 
dioxide emission are being investigated. A 
comparative evaluation of these methods will 


be discussed in Chapter 5.1.1.2. 
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Figure 9 
Estimated SO, and NO, Emissions by Ontario's Thermal 


Power Generating Stations. 
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(iii) 


Emission of Oxides of Nitrogen 


Oxides of Nitrogen (mainly NO and NO, and collect- 
ively called NO, ) are not being ignored by the 


electrical power industry in North America. 


NOy forms in all high-temperature flames when 
nitrogen of the air reacts with active oxygen 
Species in the flame. Generally, at higher 


temperatures more NO, is produced. 


X 
In 1970, about 53% of the NOy emitted by all eneray 
consuming sources in Toronto came from the two 
electrical power generating Stadions o. NOy 
emissions by power generating stations therefore 
significantly contribute to the overall NOy level 
in ambient air. In 1970 the ambient air quality 
criterion for NOy was exceeded in Metropolitan 
Toronto on numerous occasions. The trends in 

total NOy emissions in the future are shown in 
Figures 9 and 10. Power generation plants are 
expected to produce a larger portion of the future 


NO, due to their more rapid growth. The present 


X 
high ambient levels of NO, and the expected increase 
of NOy concentrations as discussed later indicates 
that power plants will have to reduce these emis- 


sions in certain areas by the end of this decade. 


Two basic procedures reduce NO, emissions, (1) burnina 
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at a temperature that is as low as possible. 
or (2) operating the boiler furnaces to elimi- 
nate hichly active forms of oxyqen from the 


flame. 


The Esso Research Corp. in the U.S. has com- 
pleted an extensive three-year study evaluating 
future control techniques for NOY. (41, 42) 
As is the case with S055 many control methods 
have been suggested, (a) fuel modification, 

(b) altering combustion techniques and (c) flue- 
gas treatment. Of these the second is currently 
receiving the most attention and Ontario Hydro 
has, on a pilot basis, reduced the present level 
of emissions by about a factor of 1/2 to 1/3. (43) 
However, the NOy control technology is not 


nearly as far developed as is that for SO, and 


2 
moreover, the problem may prove in the lona run 
to be more complex. The future of NO, abatement 
in the U.S. as viewed by the Esso study is 


depicted in Figure 10. 


The curve labeled "possible improvement with 
current technoloay" indicates the best estimates 


of NO, control to new equipment installed from 


X 
1970 to the years 1980 and 2000. Control methods 
in limited use at present, which have been effect- 


ive for reducing NOy emissions, include lower excess- 
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(iv) 


air combustion, staged combustion, flue-gas 
recirculation and changing burner location, 
Spacing and configuration. The curve labeted 
“anticipated new technology" is based on wide 
use of potential combustion-control methods, 
such as steam or water injection and fluidized- 
bed combustion, combustion with oxygen in place 


of air, and flue-gas scrubbing. 


The cost of NOy abatement is still highly specu- 
lative. It is concluded, in reference 41, that 
in some cases operating costs will be lowered due 
to improved combustion. Present estimates indi- 
cates a cost of about $1 to $3 million a year for 
stations such as Hearn and Lakeview, and be com- 


parable to the SO, abatement costs. 


2 
Heavy Metals - Heavy metals emissions into the 
atmosphere are possible because of the variety 
of impurities contained in fossil fuels as shown 
in Table IX. There is an increasing interest in 
"trace" or "exotic" pollutants in the atmosphere. 
These compounds may be extremely toxic, and low 


concentrations may damage flora or fauna, or become 


concentrated in the biosphere. 


The measurement of these pollutants may be as 
difficult as the evaluation of their effects. 


Most of the compounds and elements are present 
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TABLE IX 
HEAVY METALS IN FOSSIL FUELS 


Coal Used by Ontario Hydro 


Quantity, ppm 


Nickel 


Manganese 


Zine 


Chromium 
Cobalt 
Lead 
Molybdenum 


Vanadium 


Beryllium 


Arsenic 


Antimony 
Cadium 


Silver 


Selenium 


Mercury 
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naturally in the environment, and the body can 
evidently dispose of certain levels of them. 
Research is now required to evaluate the effect, 
of continuous exposure of the population to low 
concentrations of trace metals, in order to 
determine which are present in undesirable concen- 
trations. 


Ontario Hydro has been concerned about the emissions 


(52) the 


of a number of materials from its plants. 
program undertaken includes a search for polynuclear 
hydrocarbons, especially benzo(a)pyrene -- and for 
fluoride, beryllium, selenium, nickel carbonyl, 
cadmium, antimony, bismuth and mercury -- in the 
coal, fly-ash and flue gas. Some of these subs- 
tances may be carcinogenic. Because it is of areat 
current interest, a detailed study of mercury 
emissions has been completed. It was found that 

90 percent of the mercury in coal leaves with the 
flue gas with concentrations between 40 and 90 
micrograms per cubic meter. At the present time, 
heavy-metal emissions from these plants are not 
regarded as a significant hazard and are within 

the Provincial regulations. The emissions from 
power plants cannot be distinguished from other 
sources. However, heavy-metal emissions are being 


closely monitored in Ontario. 
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(v) Other Emissions 
Radioactive substances may also be emitted by 
fly-ash coming from fossil-fuel plants. A 
recent collection of data describina these 
emissions is given in Table X. These emissions 
are discussed later in connection with nuclear 


power plants. 


Other emissions in the form of carbon monoxide 
and hydrocarbons also occur. All power generation 
companies strive to complete the combustion of 
unwanted COQ and unburned hydrocarbons, in flue aas- 
€s, by completing the reaction and forming C0, 
and water. However, all of the combustion pro- 
cesses we employ are, slowly but steadily, increa- 
Sing the CO, content of our atmosphere. In the 
long-range, this could produce serious climatic 
alterations well into the next century as outlined 
later. If these fears materialize, we will have 
to turn to other methods rather than combustion 
to produce electrical power. 
Fe ee es 3 Control Methods of Fossil Fuel Plants Emission 
Public utilities are in business to generate electricity, 
not to process chemicals, Nothing could be wanted less 
around a power plant than a complicated chemical process 
for cleaning flue gas that might go awry and force an 
outage. The utilities would much rather burn low-sulfur 


fuel to eliminate SO, and modify the burners to prevent 
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TABLE X 


Analyses of Radioactivity in coal and Oil Fly Ash 
Concentration 
(pCi/g dry fly ash) 


Refer~ Ra- Ra- Th- Th- 
Sample ence 226 228 228 pees 
Appalachian coal ash (4) 3.8 2.4 2.6 oS an 
Utah coal ash (4) 1.3 0.8 1.0 mnie 
Wyoming coal ash (4) --- pe 1.6 aa 
Japan coal ash (4) wee 1.5 WAS es 
Alabama coal ash (4) 243 2,2 2.3 eh 
Venezuela petroleum ash (4) 0.27 0.49 0.67 ees 
TVA coal plants (3) Rees 2685. 82,85.) oes 
Coal ash (Australia) (2) 7.98 — ta- a 
Or fly ash* 
Turkey Point (5) 0.18 Oia7 0.82 0.17 
Coal fly ashe 
Hartsville (5) is ay. -_—- Epes 
Coal fly ash® 
Colbert, TVA (5) opal 6.9 1.0 6.9 
Coal fly ash® 
Windows Creek, TVA (5) 1.6 oo 2.8 2.9 


Data from reference 4. 
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formation of NOy. However, some forms of chemical 
processing seems inevitable for coal- or oil-fired 
plants. From the information presented previously, 

it is clear that the abatement of air pollutant emis- 
sions from fossil-fuel plants will increase the cost 

of electrical power. Using consensus estimates it is 
believed that air pollution abatement programs only 

for fossil-fuel plants may increase costs in the follow- 
ing manner as more control is used and certain types of 


fuel become scarcer; 


Year Price Index Reason 

1972 130 - 

1976 1.10 S0, Flue Gas Abatement 

1981 GAS Some NO, Abatement 

1986 ea, S055 NOY and Trace Metal 
Abatement 

1991 Laat - 


Sulfur oxides (about 99% SO, and 1% S0.) can be controlled 


through four basic approaches: 


(i) Dispersion from tall stacks. 

(ii) Substituting low-sulfur fuel. 
(iii) Removal of sulfur oxides from the flue gases. 
(iv) Desulfurizing existing fuel. 


Each of these approaches also has several alternatives, and 
there is an abundance of literature attempting to shed light 


on this complex situation. 
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(i) 


(ii) 


Dispersion from Tall Stacks 
The use of tall stacks and increased dispersions 
has been hotly debated in several countries over 


the past two or three earaet e 


Although the 
Ontario regulations under the Environmental 
Protection Act permit dispersion from tall stacks 
as a means of controlling atmospheric sulfur 
dioxide concentrations, the government has made it 
clear that this is an interim measure and is only 
permitted when there are no practical means of 
controlling the pollutant at the source. 
Substituting Low-Sulfur Fuel 

As outlined previously, natural gas contains little 
sulfur, and power plants fired with gas contribute 
essentially no SO, to the atmosphere. However, 

the supply of natural gas is limited and with proven 
resources shrinking rapidly, the use of this pre- 
mium fuel by public utilities should be restricted. 
Other low-sulfur fuels are in limited supply at 
least in areas where they are needed. Crude oils 
from Western Canada, North Africa, Nigeria and the 
Far East are naturally low in sulfur, and fuel o7] 
produced from these crudes generally contain less 


than 1 percent of sulfur. 


The reserves of solid fossil fuel with less than 


1 percent of sulfur are ample. However, this huge 
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eneray pool of sub-bituminous coal or lignite 
is found far from our consuming centers. Much 
of the remaining low-sulfur bituminous coal is 
reserved for metal production. About one-half 
of the total known U.S. reserves of bituminous 


(46) 


coal average 2.2 percent sulfur. These 
reserves, mostly located in the eastern or mid- 
western states, are the main source of eneray 
for conversion to electricity. 


Samples taken from the Onakawana lianite deposit 


(14) 


indicate a sulfur content under 1% ; however, 
if this fuel is compared with existing coal supplies 
on an equal energy basis it contains an equivalent 


sulfur content of about 1.5%. 


It must be concluded that direct substitution to 
low-sulfur fuel has little real potential over the 
time-span of this study. Its only practical appli- 
cation is in critical areas, for example, the 
recent conversion of Hearn Station. 

(iii) Removing SO, from Flue Gases 
Over the past 4 years great interest has developed 
in treating stack gases to eliminate SO, and more 
than 30 processes have been suggested. However, 
problems abound. The materials-handling problem 


alone is of a size seldom faced by engineers. A 


typical, large boiler furnace can send more than 
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50,000 tons of gas up the stack a day; even with 
SO, making up only about 0.25 percent of it, 

this means that 125 tons of SO, must be removed 
daily. 

In considering the many different flue gas desul- 
furization processes, a distinction is made bet- 
ween recovery processes, in which a saleable by- 
product, such as sulfur or sulfuric acid, is 
produced, and a non-recovery process, in which a 
disposable waste product is produced. The market 
for saleable sulfur products, particularly in 


Canada, is iiPavourate(e? 


The large excess of 
sulfur on the world market has reduced the f.o.b. 
price of Canadian sulfur to between $4 to $10/ton. 
The domestic demand for sulfuric acid is easily 
met with acid produced from smelter operations. 
From an economic viewpoint, therefore, there is 


little incentive to develop and implement sulfur 


recovery processes. 


The most advanced or promising processes under 
development are reviewed in references 47 and 48. 
In addition, the Ontario Research Foundation 
under contract to the Ministry of the Environment 
has made an independent evaluation of many SO, 
removal methods. Table XI summarizes the ORF 


evaluation of flue gas desulfurization techniques 
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applicable to large power generation Stations. 4°) 


Of all the processes in varying stages of develop- 
ment today, the limestone slurry process (Item 

6, Table XI), is judged by Ontario Hydro and 

(50) 


others to have the best chance of early deve- 
lopment. This is a throwaway process, in which 
the sulfur oxides in the flue gas are neutralized 
with limestone and converted to inert solids which 
can be disposed in a sanitary land-fill. Several 
variations of this process are under development 
in North America, but operational problems continue 
to occur. Ontario Hydro is studyina this system 
on a 400-cfm pilot-plant scale and is investiqa- 
ting the feasibility of a larger unit. It is 
difficult to estimate the cost of any process that 
is not completely developed. Estimates made by 
Ontario Hydro differ significantly from those in 


(51,52) have esti- 


Table XI made by ORF. Others 
mated the operating costs of the limestone slurry 
process at between $1 and $4 per ton of coal. A 

figure of $2 per ton presents the consensus opinion. 
Further, capital investment cost estimates ranaes 
from about $10 to $40 per installed KW with about 
$20/KW being typical. This control method could 


tentatively be planned for plants coming into 


operation late in this decade. 
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TABLE XI 
Approximate Costs of Flue Gas Desulphurization 


Total Operating 


Installed Costs Including 
Capital Cost Capital Charges 

Process $/KW ¢ /MM BTU 7% 
1. Pittsburg and Midway 

Solvent Refined Coal ? 16 
2. Messman Chemical 

Coal Cleaning ? 6-7 
3. ct “oal Gasification 135 25.5 
4h. Garrett KACO, Process 13 5 | 
5. Dry Limestone Injection 9 6 
6. West Lime/Limestone 

Scrubbing 13 6 
7. Stone and Webster Ionics LS 10 
8. Chemico MgO Scrubbing 19 a BL 
9. Monsanto Cat OX 32 16 
10, Shell SFGD 26 16 
11, Grillo AGS Process ? Lea 
12. Potassium Formate Proc3ss a5 7-8 
13. Bischoff Process i 15-19 
14. Seawater Scrubbing <i L 


1 ton bitum. coal ~25 MM BTU 
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The limestone slurry process produces a waste 
by-product of calcium sulphate and calcium 
sulfite. It is expected that 0.2 tons of waste 
by-product will be produced per ton of coal 
burned and treated. In the SO, removal process, 
60% will be in the form of solids which can be 
settled out and the remaining liquor can possibly 


be recirculated and reused within the system. 


The settled solids may be left at the bottom of the 
lagoon or could be dredged out for removal to other 
disposal sites. These solids wastes are relatively 
insoluble and can be used in controlled landfill 
Sites without too areat a leachate problem. There 

is however, a possibility of a potential H5S odour 
and appropriate measures would have to be taken 

to control this nuisance. If this system is adopted, 
then the planning aspect of coal-burning plants 

would have to take into account the land use require- 
ment for disposal of this waste material from the 
desulfurizing of flue gases. There is a secondary 
type of recovery and treatment process available 
where SO, 5 sulfuric acid, sulfur and fertilizer 
compounds can be recovered as by-products; however, 
the use of this process would depend to a larae 
extent on the available markets for these various 
by-products. It is not expected that these methods 


will be employed before 1985. 
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Faintly visible on the horizon is a new method 
of burning fuels which will greatly reduce 
emissions, the fluidized-bed combustor,\°o82") 

It involves a stream of air moving slowly through 

a bed of inert material. Such a system can 

become a combustor if the bed material is heated 
to about 1500°F and a fuel, either oil or crushed 
coal, is admitted. If the bed material is lime- 
stone, the resulting lime will react with SO, 

as it evolves during combustion. Further, because 
the temperatures in fluidized system are uniform 
and can be held as low as 1500°F , little NOy forms. 
The Fluid -bed would also be useful in removina any 
trace heavy-metal elements which exist in coal. 

A recent special study in fluid-bed combustors 


(53) 


has been carried out in Ontario by Bergougnou 


The fluidized boiler may be ideal for burning 
Northern Ontario liqnites to produce power for 
gasification units at the mine-mouth. Such com- 
bustion would take place at relatively low tempe- 
ratures of 1500 to 2000°F , to reduce the formation 
of nitrogen oxides. Similarly, a fluidized-bed 
boiler could burn city garbage. It would also be 
used to burn high-sulfur oi] residues in case these 
are needed as a temporary supplement to fuel gas. 


Existing pulverized-coal furnaces could be adapted 
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(iv) 


to a low-pressure fluidized-bed combustion. A 
possible scheme could be to build a satellite 
fluidized-bed boiler close to the existing power 
plant. Limestone would be injected into the bed 
to retain the sulfur in the ash. The rest of the 
air would be mixed with the gas coming out of the 
fluidized-bed boiler for firing in the existina 
boiler. Another possibility would be to build a 
LURGI gasifier and to use the low-BTU gas produced 


to fire the existing furnace. 


Bergougnou indicated that power plants using 
fluidized beds burning solid fuel could be cons- 
tructed about 1980 if a research and development 
program, beginning in 1972 is emphasized. 
Desulfurizing Fuels 

On the average, half of the sulfur in coal is pre- 
sent as pyrites (iron sulfides) and half is combined 
chemically with the complex coal structure. Dependina 
on the size of the pyrite particles, they can be 
removed. None of the organic sulfur can be removed 
without destroying the coal's molecular structure, 
e.g., by converting it into a fuel aas. Hence, 
about half the sulfur can be taken from coal by 
cleaning and at costs, for example, ranaina upward 
to $1 per ton, adding some 15 to 30 percent to 


the fuel costae 
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At the present time, the emphasis has turned 

on coal gasification as the best lona-ranae 
approach to clean fossil fuel in large amounts. 
Coal gasification consists of the chemical 
transformation of solid coal into pipeline 
quality gas. This gas, primarily composed of 
methane, is virtually sulfur free and has a 
heating value of about 1000 BTU/ft°. The United 
States has undertaken a major development proaram 


in coal gasification 2°) 


by the methods listed 

in Table XII. 

Bergougnou has also carried out an investiaqation 
of the environmental impact of coal aasification 
in connection with the possible development of 
the Onakawana lignite deposits. Although there 
are several potential air-and water-quality prob- 
lems, the main environmental impact would come 
from the water evaporated from the lignite, which 
comes to the plant with slightly more than 50% 
water content. This water evolved by gasification 
is approximately equivalent to a daily rainfall 
of 1.3 inches over an area of two square miles. 
Severe local icing and fogging might result in 
winter. However, mechanical de-waterina could 
considerably alleviate this problem. The sulfur 
produced would amount to 2260 tons per day, which 


would represent a serious stockpiling problem in 
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TABLE XIT 


US Coal Gasification Process 


Process Laboratory | Sponsor Federal Funding 
FY 1972 
HYGAS IGT OCR-AGA $3 , 500 ,000 
(Electrotherma ) 
HYGAS (Oxygen) IGT AGA 
CSG (co, Acceptor) Consolidation OCR | 3,420,000 
Coal Co. 
| SYNTHANE BuMines BuMines | 1,500,000 
BI-GAS BCR OCR-NCA | 3,300,000 
STEAM-IRON IGT Industrial 
FIXED BED BuMines BuMines 750,000 
FIXED BED Lurgi Lurgi 
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the absence of markets. Dust entrained in flue 
gas leaving the lianite dryer would amount to 
about 15 pounds/minute if the dryers were equipped 
with two stages of cyclones and an electrostatic 


precipitator. 


The combined use of lignite qasification and fluid- 
jzed-bed boilers appears very attractive for 
Ontario energy needs in the near future. Environ- 
mental deterioration would be smaller compared to 
present power schemes. An ecological study should 
be initiated for the lignite fields of Northern 
Ontario to determine, in detail, the impact of 
aasification on the local environment. Additional 
details of the pollution aspects of lianite gasi- 
fication as well as the environmental problems of 
burning it in a mine-site power plant are given 

in reference 53. Fuel is more amenable than coal 
to desulfurizing: generally, the oil is treated 
with hydrogen to form hydrogen sulfide aas, which 
then can be separated and converted to elemental 
sulfur. Hydrodesulfurization has been developed 
actively over the past few years, but the cost is 
still hiah. Desulfurizing fuel oi] to accentable 
levels of about 1% sulfur costs from 50 cents to 


$1 per aprele 2 
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Table X111 summarizes the fixed and operating 
costs of various sulfur abatement alternatives and 
their effect on the cost of electrical power pro- 
duction. This comparison is shown together with 
an estimate of the degree of sulfur removal and 


when the technique may be employed. 


It is difficult to compare the cost of SO. abate- 


2 
ment with the indirect cost of no abatement, because 
there is no way to firmly establish the cost of 
the latter. The U.S. Environmental Protection faency 
estimates that emitted SO, indirectly costs the 
public 10¢ per pound. This fiqure is debatable, but 


the EPA has proposed a S05 emission tax increasina 


from 5¢ per pound in 1972 to 29¢ per 1b emitted SO 
(58) 


2 
after 1974, 


As shown in Table XIV such a tax 

may be as high as several times the cost of abatement. 
Emissions by Nuclear Fuel Plants 

In normal day-to-day operations, nuclear power plants 

are permitted hy law to release radioactive substances 

to the environment in gaseous, solid and liquid forms. 
The standards applicable to the operation of a nuclear 
station for effluent releases from the station are radia- 
tion dose standards set by the Atomic Fneray Control 


Board, based on the recommendations of the International] 


Commission in Radiological Protection. 
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As a matter of interest some common risks normally 
encountered at present are compared to those 


presently associated with the generation of nuclear 


power below, (29) 
(1) Death by Auto Accident 1 in 5.090 
(2) Occupational Death 1 th 10,900 
(3) Death by Commercial 1 in 100,990 


Airplane Crash 


(4) Death or Handicap by Tin 200,900 
X-ray Diagnostic Dose 


rs 


(5) Death or Handicap by 1 
Nuclear Plant Radiation 


n 200 ,ON0 


A certain amount of radioactive material is released 
routinely in the operation of a CANDU-type (Cana- 
dian Deuterium Uranium) power station both via the 
ventilation svstem and via the condenser coolina 
water. An extensive effort is made to minimize 
the release of primary coolant and moderator since 
it is heavy water and valuable. Other radioactive 
releases are controlled, but an extensive effort 
is not made to reduce these to the absolute mini- 
mum. The primary released quantities are summa- 
rized below. Generally, they are only a fraction 


of the Derive Release Limit (DRL). 


- 139 - 


ea 


" A _ ail a Der Laiedd O16 PN he Hs yonta. © => 


<a | 
notre 0 tabi veoren nd? cyte batelonees uTsmeneya 


(02) voted Aimee 
A Ofuh Vd aed (ft) 


‘toot fenotteauss6 (S$) 


enn) vd none (€) 


267) oralaw?s 


ifesvas 4 


vianisuoy 


26a) at 
‘Ban’ 27 


anh 2ounatey 


shad fon Ft 


agty Ta 


Permissible dailv Actual daily * 


releases (averaqed releases (averaged 
over one year) over one year) 
Gaseous Effluents Ci/day Ci/dav 5 
Tritium (oxide) 4x 107 eee ae 
Iodine - 13] 1% 19? 30 
Noble gases 5k 10? 4,4 x 19° 


Tritium is an activation product produced in the reactor 
by neutron bombardment of heavy-water moderator. It has 
a half-life of 12.5 years and represents a possible lona- 
term hazard due to build-up in the biosphere. Studies 
indicate that, even in an exnanded power industry, in 

the year 2000 the annual increase in backaround dose due 
to tritium will be less than 0.901% of natural backaround 


nose fee 


Iodine-131 is a fission product and only appears if a defect 
occurs in a fuel bundle. Fuel defects have been occurrina 
in CANDU reactors and small quantities of Iodine-131 have 
been released on occasions, but again, only a small fraction 
of DRL. Future improved fuel performance and ventilation 
system desian are expected to reduce this even further. 
Exposure pathwavs for iodine are by inhalation and throuch 
foods (primarily milk). 

*Values supplied by Ontario Hydro for the (209 MW) Doualas Point Proto- 


type Station, which is a comparatively smail station by present-day 
standards. 
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The radioactive noble gases may be fission products or 
activation products. The fission products are isotopes 
of Argon, Krypton and Xenon. Noble gases have so far 
been the major radionuclide group released and in some 
years have averaged 10% of the DRL, Improvement in fuel 
design and delay storage systems will help control emis- 


sions from future large multi-unit stations. 


The amounts of radioactivity found in the environment as a 
result of present-day reactor operations are indistinaquish- 
able from those due to natural backaround and fallout from 
nuclear-weapon testing. Radiation caused by nuclear power 
stations can be ie well within the limits imposed by cur- 
rent radiation protection standards, but the question has 
been raised if this will be possible as more nuclear plants 
come into existence, or if allowable limits are reduced. 


The principal types of nuclear power plants presently in 


(56) are of a different type than the 


operation in the U.S. 
CANDU, and are also being considered by Ontario Hydro as 
possibilities in their planning. They utilize light water 

in the pressurized-water reactor (PWR) or a boiling-water 
reactor (BWR). Radiation exposure at the site boundary of 
the American systems are presently restricted to 0.005 rem/ 
year, however, actual exposures are estimated to be consider- 


ably less than this. The Americans are beginning to desian 


plants with reduced emission levels. It is impossible 
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to make a simple comparison of the effects of effluents 
from nuclear and fossil-fuel plants. Gas emissions 

from nuclear plants produce '‘whole-body' exposure 
whereas radionuclides in fly-ash represent hazards 

to specific parts of the body. If the fly-ash is 
insoluble it lingers in the lunas; if it is soluble it 
passes into the blood and settles in the bone tissue. 
Some investigators have attempted to compare these emis- 
sions as fractions of total dose limits allowed by the 
International Commission on Radioloaical Protection 


(ICRP Dose Limit) (2) 


The CANDU and American nuclear 
systems are compared to a coal-fired plant in Table XV. 
This rough comparison illustrates that, from an air 
quality viewpoint, nuclear plants and coal-burnina plants 
represent about the same hazard of airborne radioactive 


substances. 


Water Pollution 


Fossil-Fuel Plants 


The release of conventional (i.e. non-radioactive) wastes 

from thermal generating stations does not currently present 
serious water quality problems nor are such problems expected 
to arise within the next twenty years provided that provin- 
cial waste discharge requlations are complied with. Effluents, 
such as spent boiler clean-out solutions, water-treatment 
wastes and coal-pile drainage, are easily treatable at rela- 


tively low cost, utilizing existing technology. 


Discharges oriainating from wet ash-disposal systems however, 
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may result in the release of unacceptable quantities of 
ash or dissolved solids to the aquatic environment, 

unless the disposal systems are designed to minimize 

such releases. Fly-ash is qenerally disposed of by drv 
transport, which poses no water pollution problems. 

At the Nanticoke plant however, a wet fly-ash handlina 
system is being installed. Since a greater percentaqe 

of soluble material is present in fly-ash than in bottom 
ash (i.e. boiler slag), the transport water will contain 
unacceptable quantities of dissolved solids. Consequently, 
it is planned that the slurry water will be recirculated 
through a lagoon and re-used rather than discharged directly 
to the lake. However, there is a greater input of water 
to the lagoon than is re-used. As a result, a discharae 
to the watercourse of about 440 gpm is expected. The 
extent to which dissolved solids will build up in the 
lagoon waters is unknown. It is expected however, that 
the water will be saturated with the various salts leached 
from the fly-ash and the discharae of dissolved solids 

to the lake could conceivably exceed 25 tons per day per 
1000 MW. It must be therefore concluded, that the only 
Suitable method of fly-ash disposal for future plants is 
by means of een: or by a completely closed 
recirculation system. The technology for such a system 


is available. 
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Radioactive Releases 


The release of radioactive wastes to the aquatic environ- 
ment is requlated and limited by the Atomic Eneray Control 
Board. At the present time, the release limits are based 
upon the radiation dose limits for individual members of 
the public. They have been converted to concentrations of 
the various radionuclides in water, which will not provide 
an unacceptable radiation dose for a hypothetical aroup of 
individuals who might be drinkina the effluent from the 
station and consuming fish that have grown in the effluent 


channel. 


Experience with several reactors in Canada has shown that 
the actual release of radioactive wastes is only a fraction 
of the allowable releases, based on concentration criteria. 
This is due largely to the fact that concentrations are 
measured in the outfall, and reactor operation requires 
large quantities of water for coolina purposes. Usina 
these vast quantities of cooling water as a sink for the 
disposal of active wastes has enabled the industry to 
laraely avoid treatment of such wastes for removal of the 


radioactive constituents. 


A typical CANDU nuclear generatina station operating with 
a once-through cooling water system requires about 300,000 
U.S. apm of water per 1000 MW of generating capacity. 
Based on the approximate average flow rate of the St. 


7US 


Lawrence of 9.3 x 10 apm about 117,000 MW of nuclear 


capacity will utilize the equivalent quantity of water 
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flowing through the Great Lakes system. 


If all of these future nuclear plants were to release the 
quantities of radioactive waste allowed by existina AFCB 
requirements, the water and fish within the Great Lakes 
might eventually contain radioactivity to the extent that 
the maximum permissible radiation dose levels would pro- 
bably be received by a siqnificant seament of the popu- 
lation of the Great Lakes areas. Recently, the Atomic 
Energy Commission in the U.S. reduced the allowable releases 
of radioactivity from certain types of reactors by a factor 
of about 100, thereby bringina actual and allowable releases 
more in line with each other. The AECB is also currently 
considering the establishment of maximum permissible release 
criteria which will more closely approximate the actual 
releases from Canadian reactors. What is not known at this 
time is whether the new AECB requirements will, when imple- 
mented, require reactor owners to treat the active liquid 


wastes prior to discharge. 


A comparison of allowable and actual releases of radio- 
activity from nuclear power plants shows that such releases 
can be held far below the quantities allowed under current 
standards. Such releases, however, could be still further 
reduced, sharply in some cases, by the anplication of proven 


economical waste-control measures. 


To quote from reference 63: - 
"The issue involved is whether the nuclear 


industry should possess the right to pollute the 
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environment or to expose members of the 

public to hazardous materials to a needless 
extent. If the nuclear power industrv does, 

in fact, have such a right, then all other 
industries will insist on a similar rioht with 
respect to other contaminants. The solution 

is to require all industries, including nuclear 
power plants, to reduce and minimize all re- 
leases of contaminants to the full extent that 
is both technoloaically feasible and economi- 


cally reasonable." 


To quote the International Commission on Radiation Protect- 

Ton sGICRE),, 
"The maximum permissible doses recommended... 
values; the commission recommends that all 
doses be kept as low as practicable, and 
that any unnecessary exposure be avoided." 
The U.S. Federal Radiation Council has 
stated that the case as follows" "There 
can be no sinale permissible or acceptable 
level of exposure without reaard to the 
reason for permitting the exposure. It is 
basic that exposure to radiation should 
result from a real determination of its 
necessity." 

From such admonitions, a policy of actively minimizina 


all human radiation exposure is clearly required of 
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any responsible regulatory agency. 


The question of how much radioactivity should be 
released to the aquatic environment for operations 
connected with the production of power is highly 
contentious. The necessity of balancing risk and 
benefits is obvious, but subject to great uncertainty. 
In view of the arowing consumption of eneray and the 
existence of other environmental forces directing us 
toward the installation of greater nuclear power capa- 
city, and to ensure that the build up of radioactivity 
in the environment should not become an undesirable 
burden on future generations, it is recommended that the 
following policies be adopted; 

(1) Radioactivity in the aquatic and atmos- 
pheric environments attributable to 
controlled releases from all operations 
should be kept to the lowest practicable 
level. 

(2) The total burden of radioactivity in the 
water, sediments, and biota of the Great 
Lakes should not be allowed to increase 
by the discharges of radioactivity from 
nuclear operations. 

5.1.2.3 Thermal Discharge 
Electrical power generation plants, whether nuclear or 


fossil fueled, have an eneray conversion efficiency of 
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between 30 and 40 percent. The fossil plants 
discharge a small part of their waste heat into the 
air, while all the waste heat from nuclear plants 


qoes into the water. 


The use of water for cooling purposes is a common 
practice in many industrial operations, and parti- 
cularly important in the generation of electricity. 
Although thermal waste is common to both nuclear and 
fossil-fuel plants, nuclear plants produce substantially 
more waste heat per unit of electricity generated. 
Energy-conversion efficiencies for existing plants 


and some possible future improvements are listed below: 


Portion of Eneray 


Type of Plant Converted to Electrical Power 
Fossil fuel plant 38 to 40% 
Proposed fossil plants with 53 to 59% 


MHD topping cycle 


Present heavy and light water 30 to 32% 
nuclear reactor plants 


Proposed advanced nuclear 39 to 43% 
reactor plants 


The electrical-power industry has a strong economic moti- 


vation to improve these conversion efficiencies and reduce 
the amount of waste heat discharged. The prospects of 


a sianificant improvement beyond the limits shown above 


by the end of the century arerather dim. 


The present controversy on thermal ‘pollution’ has arisen 


because of the phenomenal arowth of the electrical-power 
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industry, particularly in the United States, where 
many power stations have been built on relatively 

small] lakes and rivers, and have sometimes caused 

siqnificant ecological changes in the aquatic 


environment. 


Predictina the effects of waste heat on the aquatic 
environment is only in the initial development staae. 
Since temperature is considered to be the primary 
control of life on earth, it is therefore important in 
a body of water. Because the surroundina temoerature 
can determine the species that will live and reproduce, 
ecologists are deeply concerned with the threat to 

fish and other aquatic life forms which can occur 

in the future, because of increases in power demands. 


One or more of the following effects may be induced by 


thermal jechardes oe 


As water temperature rises 

in a river or lake, dissolved oxygen levels may 
decrease - a biologically important factor. 
Decomposition of oraanic (sewage) waste is accelerated 
by elevated temperatures, thereby further reducina 
dissolved oxygen levels necessary for the maintenance 
of a healthy habitat. There is a decrease in Spawnina 
success and in the survival of young fish. Normal 
bioloagical rhythms and migration patterns are confused. 


Prey-predatory relationships are disrupted. Oxygen 


concentrations are decreased at the very time when more 
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oxygen is needed by the aquatic life because of the 
increase in temperature. Not only is the temperature 
of the water increased, but there are ant to be sudden 
changes in temperature, for example, due to shut-downs 
of the plant. It is therefore difficult for a new 
web of species, adapted to the warmed temperature, to 


become dstablighad oom 


Apart from other factors such as light and nutrients, 
heat may also stimulate algae growth. This is important 
from the aspects of water supply and recreation. 

Massive growths of algae increase water treatment costs. 
Also, if certain types of algae predominate, taste and 


odour problems can be experienced with the water supply. 


There can also be beneficial effects of heat inputs to 
watercourses. In winter, heated water may prevent ice 
formation and promote navigation in water passaaes 
normally blocked, although the economic advantages of 
this seems questionable at present. Growing seasons 
can be extended and rates of arowth increased for fish 
in their natural environment and in fish farms because 
of higher water temperatures. Swimmina areas could 

be provided in certain cold-water lakes, thus increasing 
the recreational potential of those lakes. However, 
summertime algae growth may discourage swimmers and 
boaters. Utilizing the kinetic eneray of the coolina 
water to induce local water-circulation may prove to 


be beneficial in improvina local water quality. The 


wy, Aes 


inant at tel 0 wot at, 926 
a ie - 
saleak Wh Passos Dos are e neton 9 
; ‘ he ie : 
sy inebgenle 04 ouk somes: 0% prant it 


tikes 7 
“mn 2 07 stun hPa srovered st Ne ae a 


: e paisevinds bone ae eit? o)° berqebe 2h 


; | (Mane ie ie 


Jernetoten bys Smt 26 fowe evatoe? vedte wont Sraeh 


Pratioanl 2f 2teT “diary oso la bite runtes orte wm $a » ee i 
ndteriosy bis ylqque Teday Yo eioanes oft mone o 
s$209 teomtaevt “stew o2asioaF asple to ever avtezem - : 7 7 
bos e228? ,sdentmober septs to sndyd whadyso Ti oath a os ; 


a Cage | 
vinnue stew ody datw beonetyeqxs ad neo emsfdord wohoe 


uf atwant dead Fo sgaet08 tatabtened ad o2i6 nba avant ; = 
no) foaveyd yoo vatew betsen , vetetw fil’. esenwoored aw 
: ; aaazeec sJtw nf rattan tren sjannng bie no Fs euro? : 7 
1. Mudfrevan dimonode ott fowortd(s ,betsatd ef Fenvon | 
snneinen trite? dnavet, 16, ai sanptarane amage ‘atts 
ee vO) hareernt dacoip Fo 20ten Dna bebnets ‘8d a8 
eeunnd omta®, det? ni bns joamroviyng Tatuden sted? al oy 
bles ake-ve orien tod . sorosersoned ysInw vermid %o os : 7 
| pakessvant eit? |, 29 et vatiaw-b tos Atsdiss nt hebtvene gi 


eeewop  . esate oy ove ‘ Yetanaiton inet tnorae’ adi - ha 7 


bis ‘evenetwe sostwoselb tan Agios stir 8 om 
mitfoas edt Yo vprons ofhenké at patties : ae 4 
nt am ong vam nobsstvon} anyiem taset osvbal ot vat 


' 
7 ae 
? . 


wT vat tnun vatew te20! ont vera at 


Hearn plant coolina-water system is considered to 
enhance the water quality in the Toronto inner harbour 
by inducing a continuous circulation within the 


harbour. 


Although thermal discharges are not known to be a 
serious problem in Ontario at this time, available 
information is inadequate and extensive studies are 
being undertaken on this matter, particularly with 
respect to the lonq-term effects. Further, the 
thermal characteristics and water quality of the Great 
Lakes differs significantly not only from lake to 

lake but at different locations on a given lake. 


Recent studies sponsored by the Federal Government ‘°°? 


have indicated that waste-heat inputs to the Great Lakes 
are expected to increase substantially in the period 
between 1970 and 2000. As an indication of the 

en aes of the thermal input, the total man-made 

input to Lake Ontario for one year in the year 2090 A.D. 
is 6 percent of the existina annual natural heat content 


variation within the lake. 


Increases in average surface temperature (considering 
the whole lake) by the year 2900 are unlikely to have 


any dramatic effect on the ecoloay of Lake Ontario. 


Local temperature increases in the area of the 
discharge, however, may be sianificant. The thermal 


plume from the Lakeview generation station, for example, 
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is detectable at distances qreater than one mile 
from the discharge point on occasions (see Fiqures 
11 and 12). Near-shore dynamics are such that one 
would expect the thermal plume to be detectable in 
excess of one mile radius from the discharae point 
for a cooling-water discharge of approximately 

2000 cfs at 16°F above lake water temperature. 
(Proposed plants will discharge in excess of 

10,000 cfs at similar temperatures.) It is now 
possible to estimate the physical extent of thermal 
plumes on lakes (67 to 71) and riveree. However, 
the long-term chemical, biological and modification 
of the local fishery effects are not known, but 

are under study. Lake Erie is a special problem. 

It has been despoiled by a wide variety of man's 
waste, predominately from the U.S. shore. Reference 
66 states, that Erie will be receivina the same man- 
made heat input per unit surface areas as Lake Ontario 
betwen now and the year 2000. Because it is 
considerably shallower, its overall temperature increase 
and localized water temperatures may be much greater 
than those for Lake Ontario and it is expected that 


local fishery and biological activity will be affected. 


Some areas are much more sensitive to thermal discharaes 
than others. In particular, regions where high levels 
of algae presently exist should be avoided (e.a. 


western and central basins of Lake Erie, etc.). Thermal 
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FIGURE 12 


COOLING WATER INTAKE=—z 


LAKEVIEW GENERATING STATION 
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COOLING WATER OUTFALR er 


WIND COMPONENT ALONG SHORELINE (Wp) = 9.55 mph. 


RADIUS OF PLUME CENTERLINE (R) 


4,760 FT. 


46.5°F 


LAKE TEMP (T,) 


§3.62-5665 


~ 154 - 


LAKE \ ONTARIO 


FY 


§0.32-51.94 


SSoy 


PLUME CENTERLINE 


LOOO FEET 


(NOV. 13, 1969) 


ISOTHERMS 


OBSERVED AND PREDICTED 


_ =- = oe - 
Tre tee = (Wi Qutuasone arc 


se i) 
Ta O8t,e° © (nm) Bae, 3TH 2 


658-5855 


er 


_ ~ =< ay >- .. 


—— eee as 


—F i oat 


———— ae 


(6961 ‘€2 ANC) SWYH3SHLOS! 


0319103ud 


QNY Q3Au3S80 


SNITY3SIN3SD SWNId 


4333 0001 


OIlYVLNO \ INV7 


Sf8L-L4E92 


. 
fore’ 
y POO" 


is y8- 


RQ ae : ‘I ( 


* 


ZT qNdI4 es 


sn FWILNO YILVM HNIIOOS 


NOILVAS ONILVEINZO MBZIABNVI 
A guyiM 


wzivya Oni 1009 


ydw $92 


\ 


lay 


\ > 
Vv 
eV 


doft2 = (4) gW3L 3xVI 


3NINN31N32 AaNNId 4O Sniava 
(9M) 3NIT3BYOHS ONOTW LN3NOdNOD ONIM 


Sere: P he fg SLL pea 


‘4a oO¢s'e = (Y) 


= 155 - 


f- 
om SO Oe" 


a f 
ss 
oa 
“” 
“) 
Wx 


20 &i 


>) 


steriwe (els Ve 


ce 
ih. 


af 


a ay 


‘ 


F ay 


i a) * itSes 


discharges should be avoided in known fish spawnina 


grounds or in viable fishing reaions. 


Because the near-shore regions of the Great Lakes 
are highly variable in physical, chemical, and 
biological character and because many locations are 
unique, those orqanizations usina the water for 
cooling should clearly demonstrate by appropriate 
studies that the discharge does not cause adverse 


effects at the discharae site. 


In view of the unique features of Lake Erie and the 
possible overall rise in temperature over the next 
thirty years, Ontario Hydro has been advised by the 
Ministry of the Environment to consider the 
installation on coolina devices on any future 


thermal-electric-generating station on Lake Erie. 


The joint Canada-U.S. aqreement, which is currently 
in the final stages of preparation, will likely 
contain objectives for discharaes of heat to the 
Great Lakes system. Finally, certain quidelines for 
governing thermal pollution of the Great Lakes and 
other waters of Ontario by electrical generating 
stations should be established: 
(1) In those instances where harmful effects 
can be predicted, alternate coolina 
facilities, which will not seriously 


impact the environment, should be employed. 
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(2) In those instances where potential harmful 
effects may exist, but cannot be clearly 
predicted, power plants should be initially 

=i desiqned so that alternate cooling facilities 
can be added at such time as evidence 
indicates significant adverse effects. 

(3) Cooling-water discharaes should not alter 
local existing circulation patterns such 
that other water users are seriously 
depreciated, or spawnina and fishing 
grounds are effected. 

Control Methods of Thermal Pollution 

The waste heat must be removed from steam electric- 
generating plants, but where should it be put? The 
most rational control method for thermal waste is 
to use the heat rather than releasing it to the 
environment. Yet very little work has been done, 
which miaht lead to practical present-day uses for 
this waste heat. A study of potential uses of 


waste heat in Ontario has recently been completed'73) , 


It must be recognized that there are not many uses for 
waste heat of the low-rejection temperatures currently 
in use (50° to 85°F). To make the best use of the 
waste heat the power plants will have to operate less 
efficiently and reject its waste heat at temperatures 


of 200, 300 and possibly 400°F. Thus, the effective 
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utilization of waste heat would have to be preceded 
by a completely different operatina philosophy. 
Some possible lonq-range alternatives are listed 
below: 
(1) Warm-water spraying or heatina soil 
to extend arowing seasons. 
(2) Heatina and cooling of greenhouses. 
(3) Spray irrigation. 
(4) Snowmeltina, outdoor heating and 
wintertime street and road clearina. 
(5) Fish Farming. 
(6) Area urban heatina. 
(7) Waste heat and low-pressure steam 
for various industrial purposes. 


(8 


—— 


Inducina better circulation in certain 
Jake regions. 

Presently, the most viable waste-heat disposal 

method is to put it into the air. If the air is used 
for heat dispersion, localized atmospheric heatina 
could become a problem, particularly if the plant 


(74). 


were located near centers of population 


Various disposal methods are available, includina 
direct, air-cooled condensers, coolina ponds and 
cooling towers. In addition, there are several 
types of coolina towers and several ways to operate 


the resulting system. Space does not permit a detailed 
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discussion, but Table XVI indicates some of the 
costs associated with various control measures for 
thermal wastes. Cooling ponds or lagoons require 
sizable land areas, up to one acre per MW of 


installed generation capacity. 


Natural-draft cooling towers as seen in Fiqure 13 

are presently the most popular alternative. In these 
"wet" towers, the heated water mixes with air and 

is cooled laraely by evaporation, resulting in a 
substantial quantity of water beina emitted to the 


atmosphere. 


In Ontario, the environmental effect of giant-size 
cooling towers might be expected to be more 

siaqnificant than elsewhere because of lengthy periods 

of freezing weather durina the winter time. Icing 

of the roads and reduced visibility, because of 

stable fog conditions caused by moist warm plumes hittina 
the ground, has caused concern and raised questions 

about the environmental impact of this coolina 


alternative. 


Model tests have shown that aerodynamic flow disturbance 
behind the tower can, under certain wind conditions, 
produce a downwash causina the plume to touch down a 

few tower heights away and deposit water on the around. 
A buffer zone of perhaps 1 mile, around evaporative 
coolina towers, could prevent a loeal reduction of 


visibility and ground icing on public property. 
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FOUR COOLING TOWERS serve the Key- 
stone Steam Electric Station in western 


Pennsylvania. 


WATER 
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Updated air-quality requlations forthcomina from 
the Ministry of the Environment will place an 
emission limit on water vapor such that a 

30 minute average at the point of impingement 

for a receptor may not exceed 0.25 arams of water 
vapor per cubic meter. This limit is imposed to 
prevent foagina and/or icing from man-made vapor 


sources. 


(75) 


Although a preliminary analysis indicates, that 
this cooling method will probably, in the next 

two decades, result in lower overall environmental 
impact than putting waste heat into water, more 
work in this area is needed. In particular, the 
flow characteristics of the plume in the wake 


of arrangements of several towers must be 


determined. 


Also, it should be noted that when wet coolina towers 
are used for fossil-fuel plants, the SO, emissions 
may interact with the water formina sulfuric 

acid mists. Obviously, such situations should be 


avoided. 


"Dry" cooling towers which contain a closed-circuit, 
coolina-water systems, would resemble giant 
automotive radiators. They eliminate the problems of 


wet towers outlined above. The clear advantaae of the 
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dry-tyne coolina tower, over all the other cooling 

devices, is its independence of large bodies of 

water. It would permit consideration of many 

more potentially attractive sites and would reduce 

the demand for hiahly valued land adiacent to 

water bodies. Its major disadvantages are its 

high cost as shown in Table XVI, and that to date no 

such towers have been constructed for a large power 

station. 

Impact on Land Use 

(i) Hydroelectric Power Generation - Dams and 
reservoirs affect water quality through thermal 
chances and interruption of the natural 


patterns of stream discharae. 


The physical changes resultina from hydroelectric- 
power production affect fish production by 
preventing migration to spawning beds and causing 
fish kills. Spawnina and nursery habitats are 
destroyed or changed. Waste entering the 

water from construction sites affect the chemical 
and physical properties of downstream habitat. 

New species of aquatic life can be introduced 

into receivina waters disrupting, fish communities 


and introducing new diseases and parasites. 


Stream requlation and diversion for the 


generation of power must be compatible with 
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existing downstream water uses, nor should 
flow requlation inhibit downstream development 
by denyina the water resources to downstream 
users. In no instance should the river 

flow be reduced or fluctuate to such an 

extent that water-quality impairment exists 
downstream as a result of existing uses. This 
has occurred to some extent on the Madawaska 


River. 


Low-water levels can limit recreational use, 
decrease shoreline property value and jeopardize 
aquatic biota. In addition, the fluctuating 
flow, combined with higher than normal peak flow 
rates during periods of maximum power generation, 
contributes greatly to increased erosion rates 

of the stream bed. The higher sediment loads 
carried by such streams impair the quality of 
water for potable use and consequently increase 


the costs of treatment. 


It is also possible for diversion of flow through 
hydroelectric generators to decrease substantially 
the desirability of a waterfall as a tourist attrac- 
tion. Niagara Falls, for example, is one case 
where the requirements of tourism have dictated 


that a minimum streamflow over the Falls be main- 
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tained. Kakabeka Falls on the Kaministikwia 
River near Thunder Bay has not fared as well. 
This Falls, once one of the finest natural 

attractions in the area, has been reduced to 
a fraction of its normal flow because of the 


diversion of the water for power generation. 


Both in the operation of existing hydro generation 
plants and in the planning of new possible hydro- 
electric facilities, it is recommended that deci- 
Sions affecting the following areas be carefully 
co-ordinated between cognizant government depart- 
ments ; 
(a) Effects of water-level fluctuations on 
flora and fauna, shoreline erosion, timber 
production, and recreational use upstream 
and downstream from dams. 
(b) Effects of dams, diversions, etc., on the 
aquatic environment. 
(c) Details of land clearina for impoundments. 
Transmission Lines 
Approximately 109 acres are required for one mile 
of transmission lines; the farther away an electric 
station is from the consumers of power, the more 


land is removed from other uses. Yet, the closer 
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a power plant is to consumers, the areater are the 
-chances of harmful exposure of large numbers of people 


to the various pollutants produced by these plants. 


Most of the environmental factors imply that the 
generation plant is best removed from population 
centers until the pollution abatement techniques 
discussed previously can be practically applied. 
Nevertheless, the aesthetic senses of increasina 
numbers of people are offended by transmission lines 
and by certain environmentally questionable prac- 


tices in maintaining them. 


Ontario Hydro appears committed to construct new 
riahts-of-wav in Southern Ontario in such a way that 
they will have a minimum impact on the surroundina 
topoaqraphy. However, it is reported that senarate 
(less strict) procedures will be issued for Northern 
Ontario. It is recommended that the policy adopted 
for Southern Ontario be extended to areas of Northern 
Ontario in the vicinity of present and vossible 
future populated areas, and areas havina present or 


future recreational and aesthetic values. 


The use of herbicides and defoliants in clearing and 
maintaining transmission line riahts-of-way has been 
questioned by several conservation arouns and indivi- 


duals in briefs to Task Force Hydro. An investigation 
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of this practice by the Ontario Pesticide 
Advisory Committee concluded that the current 
practices of Ontario Hydro, the type of 


herbicide used, the applied concentration and 
(76) 


ud 


method should not lead to future difficulties 
and recommended that public groups be fully in- 
formed of the practices and invited to accompany 
the spraying teams. It should be noted that other 
types of around-cover can be planned and used for 
weed control purposes. This approach should be 
encouraqged. 

Solid Waste Disposal 

The disposal of ash waste materials, mostly from 
coal-burning plants presents little problem in 
terms of utilizina this material in controlled 
landfill sites. The product is relatively inert, 
poses little leachate problem, can be easily 
handled and spread on the site and when covered 
with approximately two feet of top soil and sodded, 
can be used almost immediately for limited recrea- 


tional purposes. 


Some preliminary research has been done usina fly- 
ash as a filler material for road foundations and 
also as an aqgoreqate for cinder-block construction 
and undoubtedly additional uses can be found for 


(77) 


this product in the future. 


Radioactive waste disposal is reaqulated both at 
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the federal and provincial level. Oriainally, 
the policy of radioactive-waste disposal was 

to have all material buried in one controlled 
site on crown land so that control in perpetuity 
could be effected. Since the inception of radio- 
active-waste disposal, data collected with res- 
pect to on-site safety techniques, miaration of 
radioactive products and qeneral control of the 
site indicate now that other sites may be consi- 


dered for this purpose. 


Liquid radioactive wastes can be processed in a 
number of ways to reduce the amount of radiation 
to a point where secondary methods of disposal 
can be employed. Some of these methods would 
include; 

(a) chemical precipitation 

(b) ion exchange 


c) absorption 


( 
( 
(e) deep-well disposal 


) 
d) dilution and discharge into sewers 
) 
) combustion 


(f 
It should be remembered however, that in each tvne 
of treatment, there will still be a solid-waste 
disposal problem associated due to the various by- 


products produced, process material and basic 
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equipment, which will wear out over a period 


of time. 


At present, it is very difficult to quantify 
this aspect of waste material associated with 
energy production, until firm figures are avail- 
able with regard to percentages of eneray 
produced by nuclear sources as compared to others. 
Future Impact of Large Thermal Power Plants 
The growth of electrical power demand and the current 
tendency of installation of nower plants of increased 
Capacity will undoubtedly continue in the next two 
decades and will result in the construction of more 


power plants in the size range of 4900 MW and above, 


Air quality is not consistent across Ontario. There 
are larae areas where air pollution is virtually 
non-existent. In areas with large populations and 
industrial development, air pollution is a serious 
problem. Ontario's cities are expected to arow 
considerably in size and population during the next 

two decades (Table XVII). This arowth undoubtedly will 
also result in increased quantities of pollutants beina 
emitted or discharged into the environment by a variety 
of sources. In the following the potential impact of a 
large hyphothetical 6000 MW power plant will be examined 


and predictions of 199] ambient air quality in three 
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TABLE XVII 


POPULATION FORECAST FOR ONTARIO 


ee 


Ontario 7,582,000 


Toronto 2 5436 ,000 


Hamilton 492,700 


Sudbury 130,500 


Sarnia 


70,510 


Windsor 232 ,300 


London 


230,700 


Data from reference 79, 
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3,596 ,000 
742 ,600 
191,800 
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328 ,600 
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different regions will be made by addina the 
emissions of a 6000 MW fossil-fuel plant to the 
projected emissions f rom other sources assuming 
a 75% S05 removal for power stations. 


5 ae Air Quality 


Calculated ground-level concentrations of SM, 5 
NO, and solid particles, downwind from a hypothe- 
tical 6000 MW coal-fired plant, are shown in Fiqures 
14 to 16. These calculationswere made to illustrate 
the potential impact of plants of this size on the 


(78) Calculations were made for 1000 ft 


environment. 
high stacks, 2.5% sulfur coal and typical weather 
conditions. The predicted ambient SO, concentrations 
(Figure 14) without a removal process, exceed the 
Regulations between 5 and 12 miles, with a 75% 
efficient S94 removal process in operation, the 
ambient-air criteria are exceeded for a short distance 
around 6.5 miles from the station (Fiaure 17). Both 
NOY and particulates do not exceed their maximum permis- 
sible concentration at the point of impingement, but 
the expected NOY concentration leaves little marain for 
additional NO, emission from other sources. 
(i) Rural Location 

Figure 18 shows the SO, ground-level concentrations 


in a typical rural area for a hypothetical }ake- 
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front plant with 75% SO, removal. The con- 
centrations shown also include those of smal] 
farming or rural communities and indicate that 
even large plants can operate within the present 
Regulations in isolated areas if SO, emissions 
are reduced, by some means, by 75%. 

(ii) Locations Near Moderate-size Cities 
Figure 19 depicts the SO, around-level concen- 
trations for a larae hypothetical plant on 
Lake Erie somewhere south of London, Ontario. 
London is a sizeable center of population with 
little industry and the air quality in 1970 was 
quite qood. Should a 6000 MW fossil-fuel aene- 
ration station be constructed south of London 
on Lake Erie, then hourly concentrations of 
S95 may exceed the criteria. The same would be 
true of St. Thomas or other similar small cities. 
Therefore large future coal-fired station sites 
should be at least 30 miles from moderate-size 
cities, if the Regulations are not to be exceeded. 
It is particularly important to provide a larae 
enough buffer zone in areas with existing air 
quality problems. 

(iii) Locations Near Very Large Urban Centers 
The only area in Ontario by 1991 which is included 


in this cateaory is the "Golden Horseshoe” 
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reqion, Nshawa to Hamilton and including 
Toronte. The major impact upon the air quality 
in Toronto is made by the Hearn and the Lake- 
view generating stations. The present contri- 
bution of pollutants from various major sources 
are shown in Table 11. The resultina air 
quality in Toronto due to SO, and particulates 
emission is marainal with respect to the ambient 


(80) 


air criteria. It is therefore believed 
that the ambient air criteria will not be met 
in 1991 with respect to SO, due to the over- 
riding effect of the Lakeview qeneratina 


station, unless a more extensive SM, abatement 


proaram is introduced for the Toronto area. 


It is quite evident that this area cannot take 
the stress of additional emission imposed by 
expanded fossil-fuel generation canacity. 
Ontario Hydro recognizes this and plans no 
expansion in Toronto. Also, additional fossil- 
fuel plants in the southern part of the Toronto 
Centered Benion gy should be avoided until 
SO, and NOy emission control is available. 
Slot Water Quality 


Because of the complexity of definina the overal] 


quality of the aquatic environment, particularly the 
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long-term effects and the interactions of many 
different uses, each future power plant should 


be considered on its own merits. 


Some estimates of the heat inputs to the Great 
Lakes to the year 2000 have been made by H.%. 


(66 


Acres Limited. ) There are also some future 


water-quality projections in reports by the Inter- 


(27) Wnite the lona- 


national Joint Commission. 
term effects on a given lake have yet to be 
adequately predicted, it is instructive to see the 
relative amounts of waste heat being added to the 
lakes up to the year 2000. These fiqures are shown 
on Fiaure 20 together with the projected boundary 

of the Great Lakes "urban" meaalopolis area, The man- 
made heat inputs to Lake Ontario and Lake Frie in 
2000 is estimated to amount to about 6 nercent of 
the natural input. These estimates also indicate 
that Canada and the U.S. are presently puttina ahout 
50 times the amount of waste heat in these lakes as 
is beina put in Lake Superior and by the year 2000 


this ratio will increase to 690 times. 


acres (22) and others (27) have calculated the tempe- 
rature rise on the lakes by using an overly simnlistic 
modet which considers the lake a completely mixed body 


of water into which the heat will be homogenous ly 
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FIGURE 20 
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‘ r" 3 € “fa, 
J 
SUFFALO SECTION INCLUDED 
IN LAKE ONTARIO THERMAL 
INPUT, ANO NOT IN LAKE 
ERIE INPUT 
6 60 140 
SCALE IN MILES 
LEGEND 
EXTENT OF GREAT LAKES MEGALOPOLIS 
Average Man-made Thermal Input in Btu /hour ft* 
Lake Lake Lake Lake Lake 
Year Ontario Erie Huron Michigan Superlor 
1968 0.093 126 0.0077 0.046 0.0021 
1980 0.274 
7 2000 1.26 1.20 0.289 0 52 0.022 


EXTENT OF GREAT LAKES MEGALOPOLIS AND 


AVERAGE THERMAL INPUTS TO LAKES 
= AS) = 


Ons025 


| fe AGly *'>8) TARR DW HWETKA Cad ( 
| . 


1 “. 4 a 
0) “Mh vena ua al fu ry leqveal) at e garowAé 
- a 


| , a4 , 
i, *, 7 


oe, | ofeJ eta oval ‘ 
iy iri IN nornst we chain® meV 
7 " 
656.0 Tr00.0 oer. F220 


seb ne car mt us 
OMA 214090.1A03M, aa) TAI @ 30 THR 
. | BHA OFS TUN JAMRONT Bom 


~~ 


distributed. This could never realistically be 
expected to occur. Instead one can expect the 
heated effluents to more or less maintain their 
intearity for a period of time and move with the 
wind-drifted currents. These currents are prima- 
rily along the shorelines. It is in the shal low 
waters that the principal spavnina, nursery and 
foraging arounds occur for most fishes and many 
aquatic invertebrates. Thus, the near-shore water 
temperatures determine the fate of most of the 
ecosystems in the lake. Further, these are the areas 


most affected by thermal discharaes. 


Local shore-heating effects as shown by the thermal 
plume of the Pickering Station, Fiaure ?1 (also see 
Fiaures 1] and 12) are of the main concern, not only 
with respect to temperature changes by the near-shore 
currents, but also with respect to circulation which | 
can be directly related to the temperature chanaes. 

Each plume could travel along the shore, and ultimately, 
with stations averaging 19 to 20 mile spacing on Lake 
Frie or Ontario, may result in an almost continuous 

band of warmed water. Possible effects of thermal 
discharaes on ecosystems of the shoreline were discussed 


in Chapaey 5.1.2. 


OWRC has recommended that no further heat be added to 
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the Western Basin of Lake Erie. This recoanizes 
that this basin is in ecological difficulty and 
that further stress is undesirable. Any of the 
Great Lakes could eventually approach the state of 
the Western Basin of Lake Erie. It is not possible 
to estimate the time at which this will occur for 
any aiven lake because it depends on all aspects of 


man's activity around the lake. 


Water should be recoanized as a renewable resource 

and as with any other renewable resource, be manaaqed 
so that the use of it does not effect a sianificant 
change. The stress placed on the resource should 

not exceed its ability to make up the loss. If the 
heat is to be thrown away and it is not put into 

the water, then it must ao into the air or into some 
other large heat sink. Thus, water quality in the 
future depends not on extrapolation of present trends, 
but (1) on the ability of requlatory agencies to 
formulate suitable quidelines for water-quality preser- 
vation and conservation, (2) on the ability of 
enaineers to arrive at innovative solutions to well- 
known problems, and finally (3) on the willingness 

of water users of all types to incorporate these 


solutions. 
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Aesthetic Values 


Our knowledae and sense of values have chanaed siani- 
ficantly and are continuing to chanqe. We are beain- 
ning to realize our dependence upon the intricate 
web of nature, of which we are part. If we are to 
be concerned about the quality of life, we must aive 


attention to the quality of our man-made environment. 


In the planning and construction of a power system, 
environmental protection and maximum economy are not 
entirely compatible. While environmental effects 
cannot be wholly eliminated, they can be minimized 
by care in design, construction and overation. 
Aesthetic values should be taken into account by 


careful sitina and desion. 


With the continuina trend towards very larae steam- 
electric generatina stations combined with the public 
demand that power stations be located outside urban 
areas, then the increased use of transmission lines 
is a foreqone conclusion. On the other hand, a 
public outcry is beqinning about the aesthetic 
depreciation of the environment caused by larae 
unsightly transmission towers. Lesser effects 
include interference with the reception of radio 


and television signals. 


In addition to the transmission lines associated 
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with power generation facilities, the erection 


of cooling towers 500 ft. high and stacks 1090 
ft. hich will also tend to destroy the aesthetic 


value of the landscape. 


Loss of enjoyment of recreational facilities due 
to pollution-caused problems cannot be measured 
in pure financial terms, yet, somehow it must be 


considered in the value of life. 


Summarizina, in past eneray develonments, too little 
attention has been paid to their effects unon aesthe- 
tics, to the detriment of the quality of life. In 
future, some consideration should be aiven to these 
values when planning future eneray developments , 

but it may be necessary to trade one environmental 
condition against another. Education of the public 
in these matters and in the consequences of all the 
alternatives will aid in arriving at the right solu- 
tions. 

Future Technical Developments 

Other eneray sources may come into existence over 
the next twenty years and certainly beyond. The 
purpose here is to indicate briefly the environ- 
mental impact of these developments rather than 
their technical or economic feasibility. Additional 


details of these methods may be obtained from a 
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series of papers in reference 83. All of the 


proposed methods require extensive research and 
development before their relative usefulness can 
be determined. The relative expenditure of money 
on research and development in the U.S. is of 
some interest and is listed below: 
$30 million per year on nuclear fusion, 
$420 million per year on nuclear fission, 
less than $1 million per year on solar eneray, 
$20 million per year on fuel cells, 
$2 million per year on maanetohydrodynamics, 


and more than $30 million ner vear on coal 
gasification. 


(i)  Magnetohydrodynamics (MHD) 
MHD power aeneration relies unon the hich- 
velocity flow of a conducting fluid through 
a transverse maanetic field. Either, hot 
jonized-qases or a liquid metal, can be 
used with generators operating at temperatures 
of 3599 - 5009°F and they would produce elec- 
trical power form fossil fuels at efficiencies 


of up to 60%. It is being considered as a 


topping unit on a conventional steam plant. 


Easily ionized substances are added as seedina 
material to the combustion oases to increase 


their electrical conductivity. 
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With the use of a non-sulfur potassium seed, 
complete elimination of SO, emissions is 
possible. Thermal pollution is less in 
the MHD plant compared with the nuclear 


plant. 


A number of difficult equinment problems 
have to be solved before MHD systems could 
be escalated to full commercial size. 

(a) The extremely high reactor temne- 
ratures require special heat- 
resistant materials and special 
heat-exchanger desian. 

(b) Corrosion problems causéd by the 
seeding material will be severe. 

(c) The high operatina temperatures 
of the MHD system may create larae 
quantities of N5y in the the exhaust 


aases. 


Development of MHD units up to 40 MW (in 
Russia) has been pursued in several countries. 
The effort in North America is at a low ebb 
at the present. 

(ii) Fuel Cells 
Fuel cells, in which chemical eneray is con- 


verted directly into electricity, are virtually 
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non-polluting systems for the aeneration of 


electricity, at efficiencies of 59 - 60% 


compared to the normal thermal qeneratina 


station efficiencies of 30 - 40%. 


However, before fuel cells can become a 


major electrical power source, a number of 


critical problems would have to be overcome. 


(1) Because of their small size, their 


~~ 


~~— 


sensitivity, and the large maintenance 
requirements, they do not, at present, 
lend themselves to the construction 

of large-size electrical aeneratina 
units. 

Since the best fuel is hvydroaen, the 
large scale fuel cell must be located 
with nipeline connections to commer- 
cial hydrogen manufacturino facilities. 
To date, fuel cells have not been able 
to operate trouble-free for Jona 


periods of time, and their cost is high. 


It is believed that they offer a cood future 


potential for Northern Ontario, because they 


will provide a small impact on the frasile 


ecology of that reqion and power will be re- 


quired in widely separate reaions. 
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(iii) Breeder Reactors 
The breeder reactor is based on the 
principle that certain atoms become 
fissionable after they have reacted 
with neutrons. There are atoms of 
this type; uranium-238, which on react- 
ing with a neutron becomes fissionable 
plutonium-239 and thorium-232, which 
becomes fissionable uranium-233. The 
breeder reaction will make available 
for use the entire world supply of 
uranium-238 and thorium-232, with an 
eneray equivalent of several thousand 
times that of the initial world supply 


of fossil fuels. 


Several tynes of breeders are being 
developed: (1) usina liquid sodium as 
coolant, (2) using helium gas at high 
pressure as coolant, and (3) usina 
molten salt as coolant. In the first 
two types the reactor chamber will be 
hermetically sealed (water and air must 
be excluded from the chamber containina 
sodium). Experimental breeders have been 
in operation since 1963 and the first 
commercial breeder power plant (1000 


meqawatt capacity) is planned to he in 
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operation in 1984. 


Current fission reactors and future 
breeder reactors wii] produce anproxi- 
mately the same tynes of fission nro- 
ducts which will have to be dealt with, 
however the breeders will contain much 
qreater quantities of radioactive 
materials at one time. As a result their 
development is beina onposed by some 
aroups particularly in the United States. 
Some of the hazards of breeder reactors 
are listed below: 
(1) Higher core temperatures result 
in higher probability of melt- 
down of fuel rods with resultina 
criticality. 
(2) Liquid sodium becomes hiahly radio- 
active due to neutron bombardment. 
When replacement of sodium is neces- 
sary, this represents a special 
disposal problem because of the 
large volume of contaminated 
material with hazardous chemical 
properties. 
(3) In the event of rupture of the heat 


transfer systems, the liquid sodium 


- 191 - 


an Oe j penis yaa 
i ae y f "2 ; 


= id ates nd oF rete 
\vomleaaens ‘ttew'es 
i | weinanonniheta 
sofas stusen 6 ah : 


“ ie ae in oc 


droduner aledd 1S abuse. wht s'il 


( Lt 


co a “Ur 
ie joa 


atl pe ‘ twbtad beseHt ag 
“tures saruienibaied 9109! ‘ged tt ial 


satan vo vty tPtedone iedohe Ce 


paheturey riptw ebor Tou? Fo'm ab 


Ly mst t 


‘ahve weet, Pane? mithor ptiiptat8) « 
_Sumebrvadinnit seer tuan of sub avidos | me 


«2am of mutha Yitiomesataes sort : 
fataodae@ eTnegnaae Pe Ce 
nrg, 0 ereuniynel a Tapa Tegoenth — 

beta tne 4099 a7 anasto sanet 


ver 


hao tmarts swath ite Yntonton, x 
caer wt 2 
e 


foor are. Yo. eds M7, Sieve) oes at ce) 
mu thoe biwotf ant, samme vanes 


would react explosively in the 


water. 


— 
> 
~— 


Fast breeders will contain larae 
quantities of plutonium which has 
a lower critical mass (13 lbs.) than 
uranium-235 (20 Ibs.) and acci- 
dental failure could result in 
nuclear explosion, although the 
chance is remote. 
(iv) Fusion Reactors 
Fusion reactions based on the use of Deuterium 
(D,) may eventually become a major source of 
electrical power on a lona-term basis because 
there is an almost inexhaustible source of 
deuterium in sea water. In addition, this 
tyne of reaction produces only non-pollutina 
and non-radioactive gases. with a verv small 
amount of disposable wastes alona with elec- 
trical eneray conversion efficiencies of 99%. 
From an environmental standnoint, this 
method of generating power is highly desi- 
rable because: 
(1) There are no radioactive waste 
products to process or store. 
(2) There is no dancer of nuclear 
explosion. Any failure in the 


system containing the plasma will 
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result in immediate quenchina of the 
reaction since it cannot occur under 
ordinary conditions. 

(3) In the event of failure, the total 
release of radioactive materials 
would be very small. The only radio- 
nuclide released would be tritium of 
which there would be only 10 kam in 
the reactor at one time. 

(4) There is the possibility of convert- 
ing plasma eneray directly into elec- 
trical energy, thereby eliminatina 
the problem of waste heat. 

The chief environmental problem exnected to 
arise from fusion reactors is the escape of 
tritium durina operation. The possible 
extent of this release is not known at 
present. However, the reactions occur onlv 
at temperatures of 100 million to 509 million 
dearees K, temperatures at which any mecha- 
nical container would be vaporized. The 
difficult task presently under development 
is to devise magnetic bottles in which to 
contain these reactions. Estimates vary 


areatly as to the time when controlled fusion 
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may be achieved. 
Solar Power 
Direct conversion of sunlight is an environ- 
mentally ideal power source. The possible 
use of solar eneray for the generation of 
electrical power has three alternative 
methods which could be cans iderci 
(1) Transmission of nower, collected 
in space by means of a satellite 
system via microwave to a receivina 
system located on earth. 
(2) The collection of eneray on the 
surface of the land by solar cells 
or storace media with its conver- 
sion to electrical power. 
(3) The location of a floating power 
station in warm ocean waters, 
which would be used for power gene- 
ration. 
It would appear that none of the above methods 
could be develoned commercially on a larae- 


scale before the next century. 
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Impact of Energy Use By Transportation 


Air Pollution 

In 1970 the transportation sector accounted for 22% of the 
total eneray consumed in Ontario (Table XVIII). Although 

its relative energy consumption is expected to decrease by 
1990, the total eneray consumption will more than double 
during this period. Oi] or fuels derived from oi] provide the 
largest eneray source of the transportation sector now and in 
the foreseeable future (Table XIX). As a result almost all of 
the pollution caused by the transportation sector is related 


to the consumption of linuid fuels. 


Ideally, the only products of combustion of liquid fuels would 
be water vapour and carbon dioxide. However, emissions by 
some transportation sources are far from ideal, resultina in 


varyina deaqrees of air pollution. 


The emissions that fall into the cateaory of air pollutants 
include: lead compounds, particulate matter, carbon monoxide 
(CO), oxides of nitrocen (NOY); unburned and partially oxi- 
dized hydrocarbons (HC), and sulfur oxides (SO,). The form- 
ation of these products is a direct result of the combustion 
of hydrocarbon fuels in air. The extent of the emissions 
depends on many factors, some of which are inherent in the 


desian of the enaine. 
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TABLE XVIII 


ONTARTO'*S ENERGY DEMAND BY CONSUMERS 


12 


10 BIU 
Consumer (in brackets: percentages of total) 
1970 1980 1990 

Transportation* 39 (22) 625 (19) 923 (18) 
Residential and 
Commercial * boy 430) Tha oheo) 984 (19) 
Industrial * 615 » 035) “O13 (32). ~~ te te) 
Electric 
Utilities 229 (13) 830 (26) 1785 (34) 
TOTAL DEMAND 1776. (3100) 3211 (100) 5237 (100) 


—_—_—— 


* Excluding Electrical Energy 
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TABLE XIX 


ENERGY DEMAND OF TRANSPORTATION BY SOURCE 


10! Bru 


(in brackets: percentages of total) 


1970 1980 1990 
Oil 393 (99.8) 608 (97.3) 873 (93.2) 
Natural gas and 
Propane negligible 15). CARY be tee) 
Electricity doo Gams 2 BOs) oY ine a ac 
TOTAL 394 (100) 625 (100) 937 (100) 
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In Toronto transportation accounted for over 97% of the 
CO, about 68% of the HC and 22% of the NO. emission of all 
power consuming sources (Table II). Pollutant emission by 
transportation therefore affects the environment at the 
present time, particularly since the nollutants are emitted 
at around level. 

5.2.1.1 Emissions by Automotive Sources 
Automobiles are the laraest single emission source of carbon 
monoxide and lead in the air. Fiqure 22 summarizes the expected 
automotive emission for the next twenty years with and without 
abatement controls. Without controls the total emission will 
more than double during this period as a result of an ever- 


increasing vehicle population (Table XX). 


Proposed legislation calls for a 907, reduction of pollutant 
emission by 1976 (Table XXI). As a result, emission of the 
post-1976 model vehicle population will be reduced effectively 
but pre-1969 model cars will continue to be the major contri- 
butor to overall automotive emission until replaced by more 
recent models. At about 1978 pre-1969 models are expected 
to constitute 10% of the total vehicle population, their 
emission, however, will be about the same as the emission of 
the remaining 90% of vehicles. 
(4) Carbon Monoxide (CO) emission results from incomplete 
combustion of fuel in the internal combustion (IC) 


engine. Exhaust gases of uncontrolled vehicles contain 
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(iii) 


3 - 4% CO. Figure 22 projects CO emissions assumina 
enforcement of present control measures. By about 

1990 the total CO emission will be reduced by 85%. 
Presently CO air quality criteria are only occasionally 
exceeded in areas of high traffic density, although 

the arithmetic mean concentration approaches the 24 

hour standard. It appears that 1972 CO emission stand- 
ards (69% CO reduction) will suffice to control C0 
emission for the forseeable future. As a result, CO) 
emissions are not believed to represent a serious prob- 
lem. 

Hydrocarbon (HC) emissions result from three sources in 
automobiles (Figure 23). Increasingly stricter controls 
will effectively reduce HC emission until 1985 and result 
in a reduction of total HC emission until about 1982 
(Figure 5). ffter 1985 HC emission from automotive sources 
may be exnected to increase again as a result of a grow- 
ina vehicle population. Some hydrocarbon species take 
part in the formation of photochemical smoa, which will 
be discussed later. 

Nitrogen Oxide (NOY) emission is expected to increase 
up to 1975 as a result of both increasina vehicle popu- 
lation and increased NOy emission of 1969 to 1972 models. 
A 40% reduction of NOy emission is expected from 1973 


vehicles as a result of NOy standards that are coming into 
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force for the 1973 model year. However, the increase 

of NOy emission by the total vehicle population will 

not come toa halt until after 1976 when Federal emis- 
sion standards for 1976 models are scheduled to come 
into effect (Table XXI), which call for a 92% reduction 
of NO, relative to pre-1969 models. From 1975 to 1990 
NO. emissions will decrease as a result of the 1976 
emission control standards. Catalytic mufflers are 
presently being develoned to achieve the 1976 standards. 
NO, is also a smoq inaredient. 

Lead Particulate emission from cars oricainates from the 
presence of tetraethy] lead (TEL) additive in caasolines. 
Lead from gasoline powered vehicles is by far the laraest 
Sinale source of airborne lead. Lead emissions by motor 
vehicles is expected to increase until 1975 and to de- 
crease after that as a result of usaae of unleaded or 
low-lead aasoline which is required by vehicles equipned 
with catalytic mufflers. In Ontario urban areas typical 
averaae lead values in ambient air are 1 to 5 Agfa air 
which is well below the present standard for airborne 
lead of 15 g/m. However, in the .event of unrestricted 
and continuing use of lead in gasoline after 1975, a 


substantial increase in lead in urban air can be exnected. 


Particulate Matter Automobiles directly and indirectly 


responsible for substantial amounts of airborne parti- 
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culate matter in urban areas. Most recently, traffic 
qenerated airborne particulate was estimated at 35 
million pounds per year in Metropolitan Toronto 
(Table XXII). This accounted for about 44% of the 
total emissions of particulate matter in 1971 in this 


ared. 


Heavy-duty diesel emissions of CQ, HC and NO. by trucks 
are minor compared with automotive emission (Table XXIII). 
Particulate emission, however, is substantial. Exhaust 
odor is one of the more persistent emission problems 
associated with diesel enaines. Chemical characteri- 
zation studies of the composition of odorants are as 


(85) Among the identified substances 


yet incomplete. 
were photochemically reactive compounds of hiah smoa- 

forming potential. It is for this reason that diesel 

emission should not be overlooked. Their contribution 
to smog formation should be carefully studied. The 


solid particulate matter may also carrv malodorous 


hydrocarbon substances adsorbed on to its surface. 


5.2.1.2 Potential Health Effects of Automotive Emissions 


(i) 


Formation of Photochemical Smoa 

It is now well understood that HC's and nitroaen oxides 
are the main components of photochemical smoq formation 
and that intermediate reaction products such as oxi- 


ants and aldehydes are responsible for most of the plant 
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TABLE XXII 


TRAFFIC GENERATED AIRBORNE PARTICULATE MATTER IN 
METROPOLITAN TORONTO 1971 


SOURCE OF EMISSION MM LBS/YR. 
Gasoline powered vehicles 4.65 
Diesel . uy de 2 
Brake shoe lining wear 0.27 
Tire wear 6.50 


Road wear, sand/salt, 
other dust on road a1. 9) 


Total 34.65 


Data from: 


Preliminary assessments of sources, quantities, effects and potential 
abatement strategies for airborne particulate in Metropolitan Toronto, 
Ministry of the Environment, Air and Land Pollution Control Division, 
Air Management Branch, Toronto, Ontario, Canada. 1972. 
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TABLE XXTIT 


ONTARIO DIESEL VEHICLES POLLUTANT EMISSIONS 


(1000 Tons Per Year) 


Pollutant eo) ghee Ae 1980 
Carbon Monoxide 62.17 Tae 720k 
Hydrocarbons i ® ini 6.9 
Nitrogen Oxides etl 10.0 &.3 
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damage and human discomfort caused by photochemical 
emg Or) In many 1.8. cities automotive emission 
is the main contributor to photochemical smog form- 
ation. For many regions the factors leadino to smoa 
formation are now well understood. It should be 
pointed out that these factors may differ quantita- 
tively from reaion to reaion due to different local 


atmospheric conditions. 


Relatively little is knownabout the origin of photo- 
chemical smog formation in Ontario. Studies by the Air 
Management Branch are underway to determine if and under 
what conditions it may form. In view of the uncertainty 
of an Pereatanie limit of HC in ambient air the present 
and future impact of automotive HC emission on the envi- 
ronment may not fully be evaluated. If we aaree that 
the present HC concentration in ambient air is acceptable, 
then there appears to be no need to restrict HC emission 
to less than the 88% reduction noted in Table XXI as 
proposed for 1973. Emission control systems which meet 
1973 standards are considerably less expensive (Table 
XXIV) than catalytic devices, which would be required 


to meet the proposed 1976 federal standards. 


Concentrations of NOy in ambient air frequently exceeds 
the air quality criteria in areas of hich traffic 


density. Noy is catalytically enhancing photochemical 
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TABLE XXIV 


ESTIMATED INVESTMENT AND OPERATING COSTS 
FOR CONTROL OF AIR POLLUTION BY AUTOMOBILES 


FOR 1969 - 1976 MODELS* 


Investment Change in 
Model Per Maintenance and Rel. Fuel 
Year Car | Operating Costs Consumption (%) 
$ per year 
$ 
Pre- 
1969 i -- 100 
1969 17 : 100 
190 17 100 
1971 50 100 
107 
IE: 75-130 | approx.} 10 
| 1976 315-600 | 65-200 115-125 


* Data from reference 89 and 90. 
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smoa formation. Therefore, the control of NOy emis - 
sion is an important strateay in reducing or prevent- 


ing future occurrence of photochemical smoq. 


Lead and Its Fffect on Human Health 


With traces of lead in air, soil and on plants, lead 
finds its way into the human body by inhalation and 
jinaestion. Probably one-third of the lead in U.S. 
population is inhaled lead of automotive gaieeianse 
There are controversial reports about the effect of 
lead on human health in sub-toxic concentrations. As 
a summary, it may be concluded that - 

(1) Lead has no known beneficial function in 
human metabolism. 

(2) Lead is a cumulative poison in man. 

(3) It can harm the central nervous system and 
may interfere adversely with the development 
of red blood cells and may cause brain damaae 
to children. 

(4) Accumulation of lead in Americans is rela- 
tively close to the threshold concentrations 
of clinical noisonina. 

California recently adopted a 30-day standard for air- 
borne lead of 1.5 ug/m> air which is in sharn contrast 
to Ontario's present standard of 10 ua/m®. However, 


the Ontario ambient standard for lead will soon be 
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reduced to 5 ua/m?. This will require reduction of 
the amount of TEL added to qasoline. Reduction or 
removal of TEL has to be compensated by the addition 
of gasoline components of higher octane number. Thus, 
unleaded aasoline will contain a hiaher fraction of 
aromatic hydrocarbons and isoparaffins and will he 
more expensive. Estimates of the increased cost ranae 
from $10 per year per automobile to 5.17 cents per 
U.S. gallon of gasoline. The incentive for consumers 
to continue to use leaded gasoline over unleaded aaso- 


line therefore is hiqgh. 


At present no satisfactory data are available to 
suaqgest a sianificant relationship between increased 
aromatic content and rises in photochemical reacti- 


(91) Increasina the aromatic content of fuels 


vity. 
could have an effect on the quantity of nolynuclear 
aromatic hydrocarbons (carcinogens) in automotive 
exhaust. Polynuclear aromatics (PNA) probably rise 
with the concentration of aromatics in the fuel, 


but they also apnear to fall with the elimination of 


lead. 


Automotive sources currently constitute between 2 and 
10% of total PNA emissions in the U.S. depending upon 


the specific basis used for analysis. It is important 
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to note, however, that any concern over PNA's 
emanating from auto exhausts should be shortlived. 
Incorporation of exhaust aas treatment systems, 
especially a catalytic system, will result in select- 
ive decreases in polynuclear aromatics. 
Alternatives to the Internal Combustion Enaine fICES 
Atmospheric air pollution from aasoline powered ICE's noses 
an environmental problem in many urban areas. Substantial 
improvement in reaional air quality is beina exnerienced 
as a result of automotive enaine desian chanaes and incor- 
poration of emission control devices, but arowina car nonu- 


lations threaten to neaate these advances. Since further 


-reductions in emission controlled gasoline powered ICE's 


are difficult, other methods of reducina passenaer car 
exhaust emissions have heen souaht. These methods have 
ranaed from the use of alternative ICF fuels to the renlace- 


ment of the ICE with a different power plant. 


Any alternatives of the gasoline powered ICF must meet 
three criteria. 
(1) Significant reduction in pollution. 
(2) Comparable cost. 
(3) Comparable performance. 
Table XXV shows comparative emissions of the aasoline powered 


ICE and its most potential competitors. 
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TABLE XXV 


EMISSION DATA FOR VARIOUS ENGINES 


AND THE 1976 EMISSION STANDARD 


Gascline IC Engine (1970) 
Natural Gas IC Engine 
Wankel Engine 

Steam Car (Rankine) 

Gas Turbine 


Stirling Engine 


1976 Emission Standards 


ne NE EE ET 


Data from reference 92. 


Exhaust Emission (g/mile) 
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Natural gas, (methane) and liquefied natural aas 
(propane) have had wide publicity as substitutes 
for qasoline. Although these fuels have chemical 
characteristics that permit cleaner exhaust emis- 
sions, the crisis over natural aas supnlies, prob- 
lems of distribution, and the added complexities 

of the fuel system probably preclude aeneral use by 
the motoring public. Use of these fuels in arise 
operated fleets, however, is economically feasible and 
will probably increase in the future. Of particular 
interest is the dual-fuel system which allows the 
operators of such vehicles to use alternatively 
either liquefied natural aas or aasoline. This 
system is presently underooing an extensive test 
proaram in the U.S. Preliminary results indicate 
that considerable cost savinas in fuel and mainte- 


. Q: 
nance can be achieved, 92? 


The Wankel engine is an ICE which employs a rotor 
rather than conventional piston for propulsion. Cars 
powered with Wankel enaines are presently produced by 
German and Japanese manufacturers. The Wankel enaine's 
Superior performance and lower pollutant emission 
provide also a areat incentive for domestic car pro- 


ducers to consider it as a potential substitute for 
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the conventional ICE, althouah additional emission reduct- 


ion is required to meet 1976 emission standards. 


The steam engine, aas turbine and Stirlina engine are 
external combustion engines (ECE), i.e. the engine is 
heated externally. Gas turbines are powered by the hot 
expanding aases of fuel combustion. Both the steam enqine 
and the Stirling enaine use external combustion of fuel to 
produce hiqh temperatures and pressure in a closed system 
containing a working medium such as water, ammonia or an 
inert gas which provides the power for a piston endaine. 
From a standpoint of pollutant emission ECE's are attract- 
ive alternatives to the ICE although some additional emis- 


sion control is required to meet 1976 standards. 


Alternatives to heat engines are electric motors nowered 

by fuel cells or recharaeable batteries. Battery-nowered 
vehicles themselves produce no exhaust or unburned fuel 
emissions and are therefore particularly attractive for urban 
use. The main difficulty that must be overcome in develop- 
ing practical electric automobiles for qeneral use is the 
present lack of low-cost batteries having sufficient eneray 
storage capability per unit weight. A major improvement 

in specific energy without sacrificing specific power is 
required before practical electric passenaer vehicles for 


general use will become a reality. 
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Present analyses of all competing systems indicate, that into 
the 1980's, the best combination of costs, utility, and poten- 
tial for reduced pollution output is the current qasoline- 
powered automobile. 

Complementary Strategies for Reducing Air Pollution 
Increasing public opinion and legislation indicate that 
serious efforts to reduce the amount of air pollution caused 
by transportation are necessary. Although such reduction 
will be highly dependent on controlling emissions at their 
source, urban plannina, transportation planning, and traffic 
enaineering can significantly improve air quality. Such 
measures should complement a source control strateay for most 


effective emission reduction. 


Measures that can be used include the improvement of traffic 
flow, the dispersal of motor vehicle traffic in time and 
space, the reduction of the overall amount of vehicular 
travel, and greater use of vehicles with low emission charac- 
teristics. The implementation of these measures requires 


coordination at all levels of aovernment. 


These measures, which supplement the efforts of government 
and industry to reduce automotive emissions at the source, 
encompass the following means of reducing harmful exposure 
to air pollutants: 

(1) Smoothina the flow of traffic. 


(2) Reducina concentrations of traffic, both 
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geoaraphically and by time of day. 


(3) Reducing the total amount of travel. 


Table XXVI lists a number of techniaues previously used, 

or at least proposed in the context of improving the cana- 
city and quality of urban transportation systems in the US. 
Not all the techniques will apply to every city, but some 
should. Their aggregate impact will increase the likeli- 


hood of improvina air quality standards. 


While it is impossible to place a precise measure of effect- 
jyeness on each technique, there is sufficient knowledqe 

to assign an approximate value. This, shown on the table as 
"Probable Effectiveness," uses a scale of | (least effective) 
throuch 5 (most effective). The effectiveness of most tech- 
niques in reducing air pollution varies from one city to 
another for such reasons as the extent to which the technique 
is already in use, the adequacy of the area's transportation 
system, or the climate of the area. Some techniques may he 


most appropriately applied during severe pollution episodes. 


In Toronto with an automobile population of 890,990 the air 
quality is affected by the exhaust emissions of automobiles. 
Qn implementation of a proaram involvina several techniques 
of Table XXVI to reduce downtown traffic conaestion may 


also potentially reduce air pollution from automobile sources. 


Up to the present time automotive emission controls have been 
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TABLE XXVI 
TECHNIQUES FOR IMPROVING TRAFFIC FLOW, FOR REDUCING 
POLLUPTON CONCENTRATION, AND FOR REDUCING AUTO TRAFFIC 


ec A LE OE BES 


Techniques for Improving Traffic Flow Probable Effectiveness 


—_——————<——————— 


A. Freeways 


1. Reverse-lane operations 3 
2, Driver advisory displays cb 
3. Ramp control Z 
i. Interchange design 2 
B. Arterials 
1. Alinement 1 
2. Widening intersections 3 
3. Parking restirictions 2 
4. Signal progression 2 
5. Reversible lanes 3 
6, Reversible one-way streets 3 
7. Helicopter reports 2 
C. Downtown Distribution 
1, Traffic responsive control 5 
2. One-way street operations s' 
3, Loading regulations 3 
4. Pedestrian control al 
5. Traffic Operations Program to Increase 
Capacity and Safety (TOPICS) 5 
Technigues for Reducing Pollution Concentration 
A. Staggered Work Hours 3 
B. Roadway Concentrations 2 
C. Cross-sections 2 
D. Elevated, At-grade, Depressed Roadways 2 
Techniques for Reducing Auto Traffic 
A, Transit Operations 
1. Bus lanes on city streets 1 
2. Bus lanes on freeways iv 
3. One-way streets with two-way buses a 
hb. Park-ride, kiss-ride 3 
5. Service improvements and cost reductions 2 
B. Regulation 
1. Parking bans 1B 
2, Auto-free zones 4 
3. Gasoline rationing 5 
Lh. Idling restrictions 2 
5, Four-day, forty-hour week Ps 
C. Pricing Policy 
1. Parking policy 2 
2, Road-user tax 5 
. Gasoline tax 5 
Car pool incentives 2 
D. Planned Unit Development 2 
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Table reference 94. 
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employed as the basic abatement strateay. The Canadian 
Federal government has followed the emission standards 
established by the EPA in the United States. They are 
based upon what is needed in cities with serious photo- 
chemical smoq problems such as Los Angeles. Because 

such control measures are not reauired in all areas of 
North America, a considerable controversy has arisen as 

to whether these standards should be uniformly applied to 
all areas. The Ministry of the Environment has questioned 
the necessity of these measures in Ontario where the pros- 
pect of photochemical smoq formation has not been established. 
The less intense sunshine and aenerally good surface winds 

in Ontario as compared to Los Angeles areatly reduce the 
chances of photochemical smog formation here. The cost to 
Ontario residents for automotive emission devices needed to 
meet the 1976 standards would be about $100 million per year. 
Consequently, the question beina asked is: "Is this a cood 
investment?" The total problem should be carefully reviewed 
and information needed to correctly answer the question 
should be obtained. 

Aircraft Sources 

The major concern with aircraft exhaust emissions has 

been with reaard to their effect on the environment surround- 
ina individual airports. The identification of the actual 


levels of exhaust aas pollutants at a particular airport is 
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complicated by the frequency of onerations and the nrevail- 
ing weather conditions. Thus, the actual levels existina 
locally may vary over a larae ranae with the time of day, 
as well as with variations in weather and other emission 


sources. 


Aircrafts emit a variety of pollutants which except for 
lead, are common to all aircrafts, althouah the proportion 
of each emitted pollutant may vary depending on the tyne 


of aircraft enaine. 


Presently aviation uses two inherently different tynes 
of engines as power sources: 
(a) the conventional aasoline powered internal 
combustion enoine ICE) and 
(b) the aas turbine enaine 
Emissions of airplanes powered by the ICE are similar to those 


discussed in the section of air pollution by automotive sources. 


The gas turbine enaine is the most efficient combustion engine 
in transport use today, from the standpoint of air pollution. 
The combustion process in gas turbines differs from that in 
aasoline engines in that it occurs at constant pressure, and 
with a large excess of combustion air. The exhaust emission 
of hydrocarbons, carbon monoxide, oxides of nitrogen, alde- 
hydes and particulate matter varies greatly with the operation- 


al modes of the aircrafts but invariably emissions are hiaher 
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at around operations, landing approach and climb-out. 


Due to different quantities of pollutant emission the 
composition of various air pollutants at airports and 

in surrounding areas laraely depends on the relative pro- 
nortion of the class of aircraft freauenting the airnort. 
Mn the other hand, the quantity of pollutant emission is 
reflected very closely by the volume of aircraft activity 
and the size of aircraft and may be expected to increase 


as operations and size of the aircraft increase. 


Table XXVII summarizes total aircraft movements at four 
major Ontario airports. Although all considered airports 
are comparable in total aircraft movements, their impact 

on the environment is areatly different, due to the differ- 


ence in distribution of class of aircraft. 


Toronto International Airport (TIA) may be expected to have 

by far the largest impact, as a result of the sianificantly 

larae- activity of air carriers (Table XXVIII) which are the 
major contributors to total pollutant emission by aircraft. 

TIA therefore was selected for the followina evaluation 


of the impact of aircraft emission on the environment. 


Calculated pollutant emission at TIA is compared with the 
emission at one U.S. airport of similar aircraft activity 
(See Tables XXIX and XXX). Estimated emissions of TIA and 


Washington National Airport (WNA) are comparable in maanitude 
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except for particulates and HC's. Particulate and hydro- 
carbon emission estimates are sianificantly hiaher for 
TIA than for WNA which is the result of a different 
dearee of HC and particulate emission control assumed for 


the calculation of pollutant emission. 


Table II compares aircraft emission at TIA with emission 
of other sources in Metropolitan Toronto. Although the 
contribution of aircraft to total pollutant emission is 
minor, pollutants are emitted in a relatively small area 
and therefore may contribute substantially to the overall 
pollutant level at TIA. 
(i) Impact on the Environment 
A survey of the air quality in the vicinity of TIA 
from November 1968 to November 1969 concluded that 
aircraft activity durina this period was not a 
major cause of pollution at around level in either 


(98) It was however, 


Etobicoke or Peel County. 
found to be impossible to assess the relative contri- 
bution of aircraft to hydrocarbon concentrations in 
air due to the interference by automotive traffic. 


Smoke emissions of aircraft, was found to be a source 


of a large number of citizen's complaints. 


In order to get a relative ratina of the environmental 


impact of TIA an attempt is being made to comnare TIA 
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with the impact of WNA which was evaluated jin a 


study based on 1970 aircraft activity. 2.) 


At WNA predicted annual average concentrations 
for particulates are well within the limits of 
the Ontario standard. The annual U.S. standards 
of 0.05 ppm are exceeded several points within 
the airport boundary by 10 to 90% although emis- 
Sion by aircraft alone would have resulted in 
values below the standard. The sulfur dioxide 
(S05) standard is exceeded at three locations at 
the airport boundary with aircraft contributions 


of onlv 2%. 


More importantly, measured short term maximal con- 


centrations for particulates, NO,, HC's, CO and 


yx? 
S05 s exceeded the corresponding standards within 

the airport boundaries sianificantly. At the 
airport houndary the standard for particulates was 
exceeded at one location, while the correspondina 
standard for HC's was exceeded at several locations, 
although the contribution of aircraft to the total 
HC level was only 6%. The standard for C9 was 


exceeded at one boundary location with 75% aircraft 


contribution. 


In the vicinity of WNA (3 miles from terminal) nre- 
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dicted annual mean concentrations for narticu- 
Jates, NOy and S05 rarely exceed the correspond- 
ing standards. The contribution of aircraft 

to the overall pollutant level in these areas 

is minimal, although short term violations of 

HC standards occur. Thus a maximum HC level of 

up to 37 times of the desirable level was measured 
in a location 3 miles north of the main run-way. 


It is believed that this was a result of fuel 


ventina of jet aircraft over the affected area. 


In summary, it may be concluded that at the present 
time pollutants emitted by aircraft exceed short- 
term maximal concentration standards within the 
airport boundaries, but their effect on air quality 
outside airport boundaries is relatively small. 
Since the aircraft activity of TIA is approximately 
60% of that of WNA, its impact on the air quality 

of the surrounding environment may be expected to 

be somewhat smaller, assumina that atmospheric 
conditions provide an equally aood dispersion of 
emitted pollutants at TIA. 

Aircraft Emission Control 

Past actions for the control of aas turbine aircraft 
engine emissions have been concentrated primarily in 


the area of smoke reduction since this emission was 
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the first to be of public concern. Programs 
for smoke reduction have been initiated by all 


the major aircraft engine manufacturers. 


Smoke reduction has been achieved for several engine 
models; redesianed combustors that emit only a faint 
smoke trail are now in commercial service. The net 
result of these smoke reducina proarams has been the 
establishment of a firm technoloaical base to cone 


with this pollutant. 


In addition to the proaram for smoke reduction, efforts 
are underway to obtain a better definition of the 
nature and extent of the invisible components of jet 


engine exhaust. 


Ndors resulting from the operation of aircraft engines 
are noticeable at airports and are objectionable. 
Since, at present, the substances causing the odor 
have not been precisely identified, odor was not 
explicitly considered in this study. Gas turbines. 
however, are known to emit aldehydes, which are 
Odorous substances and even at low concentrations, 

may be irritating to the eyes and to mucous membranes. 
It is expected, however, that odor reduction wil] 
accompany a decrease in the level of HC and aldehyde 


emissions. 
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The following conclusions concerning emission 
control for turbine-enaine aircraft were inane 
(1) Minor modifications of combustion chambers 
provides large reductions in HC and narti- 
culate emission, and a lesser reduction 
in CO emission. 
(2) Minor modifications in around operatina 
procedures will further reduce CO and KC 


emissions, but will increase narticulate 


emission. 


For piston-enaine aircraft control devices developed 
for automobile enaines could produce larae reduct- 
jons in CO and HC emissions. These devices may 
require low-lead aasoline thereby reducina lead con- 


centrations as well. 


Theoretical studies have been made which show that 
of all the exhaust pollutants, oxides of nitroaen 
present the areatest control problem. Although the 
phenomena of formation of this exhaust emission 
product are understood, a firm technology for its 
reduction in actual engine combustion systems does 


(99) 


not exist as yet. 


Air Canada and CP Air are spending about $3.5 
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million to reduce polluting emissions from jet 
enaines by about 1972. 
(iii) Future Impacts of Air-Carrier Nirvorts 
Considering increasina aircraft activity, the chance 
in total population of each aircraft class and 
increasingly better emission controls, the followina 
general trends for aircraft emission at air-carrier 
airports are predicted by Northern Research and 
Engineerina Corporation durina the next decaita, \?" 
(1) A small increase in total particulate 
emission of apnroximately 20%. 
(2) A small increase of S0, emission of 
aporoximately 30%. 
(3) A large increase in NOy emission of 
approximately 200%. 
(4) A small decrease of CO emission of 
approximately 10%. 


(5) A larae decrease of HC emission of 


approximately 609%. 


Water Pollution 


Ni1, arease and other hydrocarbons drop from vehicles onto 
the streets and roads can be washed into the waterways by 
rain and cleanina operations. Its impact on the water 


quality has not been measured but is not felt to be serious. 
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However, the increasing use of salt as a deicina aaent 
has, in the past years, raised many questions as to the 


effect if chlorides from this source on water quality. 


The practice of snow disposal into lakes and rivers is 
common in many municipalities. This is considered a 


convenient and economic means of snow disposal. 


Recent analysis of a snow disposal site indicates that 
snow scraped from roads may contain hiah concentrations 
of suspended solids, organic material, phosphorus, chlo- 


rides and lead introduced through automobile exhaust. 


Visible pollutants such as oil, trash, soil and soot are 
readily evident. Following the sprina thaw, materials 
contained in the snow are introduced directly to the water- 
course and may cause seriously dearaded water quality. 

With controls such as covered sand-salt stock piles, limit- 
ing the use of deicing salt and restrictina snow dumping 

to land sites wherever possible, sionificant sources of 
water pollution can be substantially reduced. 

Impact _on Land 

Vehicles abandoned by their owners is decreasing the 
aesthetic value of private and public land rather than 
beina a pollution problem. At present the number of dere- 
lict vehicles across Ontario is estimated to be about 750, 


000. Recently a survey was initiated to identify areas of 
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high derelict vehicle density in order to show where a 
full-scale clean-up proaram is needed. The survey is 
desianed to further reveal the economic notential of 
scrap metal recycling in any qiven area and also the 


attitude and receptiveness of people in a given area. 


The Waste Management Branch pointed out that the success- 
ful completion of a major clean-up project would help 
to keep Ontario beautiful and in addition reduce the deple- 


tion of raw material. 


Bae. 4 Noise Pollution 
Noise is a by-product of all fuel-burnina transportation 
devices. The backaround noise level of any larae urban 
area of 45 to 50 dB(A) is princinally due to the noise 
qenerated by the thousands of vehicles travellina about 
the area (Figure 24). Community noise is beina reaarded 
as an environmental pollutant by an increasing number of 
people and the Ontario Environmental Protection Act, 1971 
recognizes it as such. Figures 25 and 26 summarize the noise 
levels in a statistical manner from a wide variety and 
type of vehicles. The Federal Department of Transportation 
will be placing limits on the permissible noise levels of 


new vehicles at: 


Automobiles and Smal] Trucks 83 dR(/) 
Large Trucks 87 dB(A) 
Motorcycles 83 dB(A) 
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Fig. 26 Buses: Ottawa Transport 
Commission, accelerating at low 
road speed (0-20 mph), 441 
readings on 128 vehicles, 

A weighting only. 
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This, in effect, will limit the noise potential of 
future vehicles. However, comparison with Figures 24 
and 26 illustrate that it will not reduce community 
noise levels appreciably inasmuch as vehicles rarely 
operate at their noise potential. The Ontario Ministry 
of the Environment has suqgested to the Federal Govern- 
ment that a staged reduction of these noise levels be 


considered in the future. 


Noise levels in all communities may be exnected to increase 
in the future as the population of vehicles increases. 
Moreover, the serious noise problems adjacent to freewavs 
busy streets, stop-and-go truck routes and airports will 
also increase. Noise levels adjacent to freeways may 

reach a steady 80dB(A), an acceleratina truck can produce 
over 100 dB(A), and around airnorts intermittent levels 

up to 110 dB(A) are not uncommon. Under the Ontario 
Environmental Protection Act, 1971, noise can be controlled 
by the Province. Noise requlations are being devised and 
drafted to implement this aspect of the Act. Recently 
standards have been proposed in the U.S. to identify those 
areas of land in the vicinity of hiahway projects which 

are sensitive to noise and to compute the exnected hiahwav 
noise levels in these areas on basis of the worst noise 
situation exnected to occur. Where anticipated hiahway 


noise levels exceed the desian noise levels, corrective 
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measures are to be taken to the extent feasible. For 
residential areas and schools the design noise level is 
70 dB(A) not to be exceeded more than 10% of the time 


durina the worst hour of the day. (109) 


It is clear that implementation of a 70 dB(A) standard 

in residential areas will call for substantial noise 
abatement measures on new hichway projects. Existina 
noise barriers along major hiaghways in the Toronto 
Metronolitan area were reported to have little effect, 101) 
Therefore, it is important to limit the noise emission of 


future vehicles as has been suaqested to the federal aovern- 


ment. 


Also, land-use plannina in the vicinity of airports, free- 
ways and at other sianificant noise sources must be much 
more effectively controlled in the future. In addition, 
rapid mass transportation systems desianed with low noise 
levels in mind can effectively reduce urban noise levels. 
Land Use 

Mass Transportation 

The noise and air pollutants caused by automobile emissions 
are a major problem in conaested urban areas. Even with 
future leaislative controls for cleaner enaines an alter- 


native to inter-and intra-urban travel should be provided 
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if we are to ensure a healthy urban environment since 
the increasing number of cars may neaate the effective- 
ness of legislation desiqned for an acceptable ouality 


of air. 


One of the areatest eneray inefficiencies in modern 
society is the transportation of peonle in cities, since 
the automobile is the least efficient means of urban 
transportation and is by far the greatest user of eneray 


(See Table XXXI and XXXII). 


About 82% if all eneray used for urban transportation 

ner year in the U.S. in the mid-1960's was used in 
private automobiles and, of that, 60% was used in trips 
of less than 2.5 miles. This disproportionate use of 
private automobiles has continued unchallenaed desnite 
the gross inefficiency and the serious contribution which 


automobiles make to pollution. 


Oriain-destination studies show that the bulk of urban 
automotive travel is the morning and evenina journey to 
and from work. Therefore, it may be concluded that if the 
morning and evening rush-hour conaestion can be alleviated 
by an alternative more efficient and cleaner mode of 
transit, there would be a significant reduction of air 


pollution. 
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TABLE XXXT 


Efficiency of Various Means of Urban Transportation* 


Net Propulsion Efficiency 
Vehicle (passenger miles/gal. 
or energy equivalent ) 


Electric Trains 75 = 100 


Bus 100 
Automobile (Average) | 30 —1h0 
Automobile (1 Person) a7 
Motorcycle | 160 


A Mo ane te Oo 


* Data from reference 102. 
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TABLE XXXII 


Total Energy Consumption for Urban Transportation U.S. Annual Mid 1960's* 


Energy Used 


Vehicle (millions of gallons) 


Trains 
Buses, Taxis, Limousines 
Private Autos - trips of more than 2.5 miles 14,000 
- trips of less than 2.5 miles 21,000 
Trucks and Parcel Delivery 


Institutional Vehicles 
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A study conducted in Metropolitan Toronto revealed that 
in 1970 about 69% of the population was using public 
transportation during the rush hour periods to the down- 
town city core area (Table XXXIII). This comnares 
favourably with earlier 1960 data when 57% were usina 


public transportation. 


Metropolitan Toronto early realized the need to promote 

a rapid transit system to relieve conaestion and to reduce 
air pollution. For a transit system to be accepted it 
must be commuter oriented, i.e. it must be fast. efficient. 
convenient and cheap. Also, the effectiveness of a ranid 
transit system is largely denendent on the availability 

of an extensive surface transit network and adequate free 


terminal parkina. 


One of the araquments aqainst promotina ranid transit is 
based purely on cost. There have been, to date, few cost- 
benefit analyses carried out comparina rapid transit 
against roadway and expressway type transit. Subway 
construction and maintenance is undeniably expensive. 


For this reason, surface rapid transit shoud be entertained. 


On-surface transit can be less expensive, more far-reachina 
and much auicker to implement. The problem of riaqhts-of- 
way can be overcome by developina the "multi-functional 


corridors." Criss-crossed throughout most larae urban 
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TABLE XXXTIIT 


Public vs. Private Transportation to Down-town Toronto* 


% of population using % of population using 

TTC and Go-system private means of 
Year transportation 

Peak Rush All Day | Peak Rush All Day 


Hrs. Average [> Hire. Averages 


eat 


1960 57 at BO 43 | 50 
1970 | 69 | 50 | a | 50 
1971 70 50 30 50 


ed eee ee ot 2 ——- 


* Information obtained from Mr. S. J. Sanson, Director 
of Metropolitan Roads and Traffic Department. 
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centres are a series of hydro easements, railwav lines 

and expressways. Since these easements already exist 

and may be wide enough to accommodate a transit line, 

all that is needed are some buffer strips to cut down 
noise and add some aesthetics. Research is presently 

being carried out to test the effectiveness of rubber 
wheels for commuter-type trains. If they prove success- 
ful, noise will be qreatly reduced. With the arowth of 
and encouracement for satellite urban communities, develon- 
ment of intra urban transit by commuter lines would he 


extremely valuable. 


The concent of usina existina utility easements to evolve 
a system of inter- and intra-urban mass transnortation 

is not new. Numerous urban areas in the U.S. have had 
consulting firms analyze the problem and prepare concept 
reports. Few proposals have been implemented, either 
because of initial costs or because politicians are not 
convinced that a system other than the private automobile 
is needed. Doxiadus Associates published a three-volume 
report on "Emergence and Growth of an Urban Reaion - 
Detroit." The report envisages the use for alternate 
modes of inter and intra urban travel if we are to ensure 
a healthy urban environment. Doxiadus predicts the need 
by the year 2000 of dual mode electric urbmobiles which can 


operate automatically on hiah-speed quideways and also 
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manually on urban streets; even though the idea today 
seems far-fetched, it does indicate that there is a 
need to rethink the urban transportation problem. 
Doxiadus also discussed the need to utilize existina 
rights-of-way and to turn them into multi-functional 


corridors. 


The proposed official plan for Metropolitan Toronto, 
provides for transportation corridors combinina exnress- 
way with rapid transit. There are two major hydro ease- 
ments (approximately 190 feet wide) radiatina in an easter- 
ly and westerly direction from the centre. Also, there 

are a number of Canadian Pacific and Canadian National 

rail lines crossina through the city. If these riahts- 
of-way were combined; their existina function with ranid 
transit lines coupled with 'bus feeder' lines, the Metro 
Reaion could have a very effective inter and intra urban 


transit system without exhorbitant costs. 


The above citation is for the Toronto PReqion. A similar 
picture can be seen for cities like Hamilton, London and 


Ottawa. 


In order to promote public transit over urban automobile 
travel, it will be necessary for the government to review 


and alter the arant system for the larae urban areas where 
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automobile congestion is an urgent problem. Presently, 
the arant system favours highway development and main- 
tenance. In the defined urban areas, grants should be 
given for transit development and maintenance. Terminal 
parkina should be adequate and included in the ticket 
cost. The transit system must be ultimately cheaper, 
faster, more efficient and convenient to the user than 
the use of his own automobile. In this manner it would 
be hoped to further increase the percentage home-work 


travellers using public transit systems. 
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Impact of Industrial Consumption of Fneray 


In 1970 industry accounted for about 35% of the total eneray 
consumed in Ontario (See Table XVITI). Althouah the relative 
energy consumption is expected to decrease slightly by 1999 

the total eneray demand will increase approximately 2?.5-fold 
durina this period. Presently, coal provides the laraest enerav 
supply for the industrial sector followed by aas and oi] (Table 


XXXIV). 


Industrial uses of coal, oil and aas are nredominantly for the 
production of coke for the metalluraical industry, aeneration 

of steam and electrical power, and production of synthetic cases 
for chemical processes. Due to the complexity of many industrial 
operations it is difficult to assess the environmental impact which 
is attributable to the utilization of enerav by industrv. Most 
of the industrial emissions into the air come from a wide variety 
of manufacturing processes which are not a direct result of 
eneray consumption ner se. 

Present Air Quality 

The main atmospheric pollutants resulting from industrial eneray 
consumption are sulfur dioxide, particulates and nitronen oxides. 
The sulfur dioxide and particulate emission denends largely on 
the sulfur and ash content of the fuels used. The oxides of 


nitrogen are formed during the combustion of fuels with air. 


Many industrial operations are aaareaated in areas of hiah ponu- 
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TABLE XXXIV 


ESTIMATED INDUSTRIAL PRIMARY ENERGY CONSUMPTION 
BY FUEL TYPE FOR ONTARIO* 


CONSUMPTION (10 BTU) 


FUEL TYPE (In Brackets: percentages of Total) 
1970 1980 1990 
Coal 257 © he) 243 ( 2h) 290 0 15) 
Oil 133 ¢ 21) 280 ( 28) 525 ( 3h) 
Gas Doe a) 490 ( 49) 790 ( 51) 
Total 616 (100) 1013 (100) 1545 (100) 


% Excluding electrical energy. Data from references 103 and 104. 
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lation density such as Toronto, Hamilton and Windsor. Table 

II summarizes pollutants emitted bv the existina broad mix 

of industrial sources in Metropolitan Toronto. The Ontario 
Ambient Air Criteria for NOY and SO, and particulate matters 
were exceeded in Metropolitan Toronto on a number of occasions 
jn 1970 and 1971. While SO, and NOY emissions by industrial 
sources were somewhat lower than emissions by residential 
sources, particulate emissions were higher. This most likely 

is a result of the overall process operations rather than of 
the eneray use alone. Since in Metropolitan Toronto resident- 
jal SO. and NOY emissions alone were not found to exceed Ontario 
Ambient Air Criteria at present it is reasonable to assume that 
a similar situation exists for industrial S95 and NOY emissions. 
In Metropolitan Toronto an abatement program of increasinaly 
stricter emission controls for particulate matter and limitations 
of the maximal permissible sulfur content of fuels resulted in 

a sianificant reduction of these pollutants during the nast few 
years (Figure 27). These emissions are expected to drop even 
further as a result of existina abatement proaorams. However, 
emissions of oxides of nitrogen by industrial sources are 
expected to increase and ambient air criteria for NO may he 


reached or exceeded in Toronto before 1990 by industrial sources 


alone. 


It should be pointed out that the impact of industrial eneray 


consumption is areatly different in various reaions of the 


- 249 - 


Sahai hime 07 cout ton 279 ana 


teRiamutes at vl dence zt a arose dn areata 408 

Sho AR TAG JOM bes 02 Tabtaubait sot States otsantte: RA 

HaNtzesaet to newer topeatede, ah osnoroT Gaaeaee. 

sain asin fine 2 tm ote lual tina or, aforgngs. net ere 
at doe tem stavt Yo Inadnds. wit Tue ghttezinnedq aan aft 

ed soni ad? pATrwh ztnetul ing azans *o nottouban, sneotttnet2 ® : 

a mirth OF BetaeeK O16 enchas hee evedT (5S swOtth erase eo 

AMEN, eieHoe tramerede onbtetes Yo Suge 6 25 VaNIWwT ie 

oh -aporene leivdawhnt yd onperdth 96 esbixo. Ye eyes, 

asl Vint on wo) atrveztiic o)s tnshdnes bas szsevoat of 


yorads” Lp betaatet Fo faeamt oft 2e82 tuo bermnton ed bfwore’ ite ” 


oid To enpinwt eyotiow ai dnevettth viseman at matter 


7 
rine lotateiuhn ¥# O80T evoted atnoroT at bebesoxs WO. bertsaa r ‘a 
_ 
anote : a, a 
a 
ry a 
: 


Nw em - - 


Fmission (10° Ths.) 


SO. 


600 


500 


400 


300 


200 


100 


1969 


Figure 27 - Sulfur dioxide and particulate 
emission in.Metropolitan Toronto 
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Province due to the different pattern of primary eneray con- 
sumption inherent to prevalent local industrial operations. 

For example, about 80% of the coal is consumed by the metal- 
lurgical industry which is concentrated in a few areas. 
Therefore, sulfur dioxide emitted from steel mills, foundries, 
coking operations etc. has a siqnificant impact on the air 
quality. In Ontario this applies chiefly to the Windsor 
Hamilton, Sudbury, Sault Ste. Marie areas, which are densely 
populated and are hiahly industrialized. Table XXXV summarizes 
the consumption of coal and associated sulfur dioxide emissions 
by industrial sources and comnares it with the main consumer 
of coal, j.e. the electrical utilities. The metalluraical 
industry, and in particular the steel industry with associated 
coke oven operations is second only to electrical utilities in 


SO, emissions. As a result, Ontario SN, criteria for ambient 


Z 2 
air were frequently surpassed in steel production centers in 


Ue AG 


It is not possible to relate particulate emission by industrial 
sources to the consumption of eneray, since particulate emission 
by many industries are mainly a result of their process operations. 
However, total particulate emissions of larae onerations are 
strictly controlled by the Ministry of the Environment. Parti- 
culate emission from small coal-and oil-fired installations is 

not as well controlled. If further imnrovement of air quality 


is required the most practical abatement strateav for such 
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industries is a change-over to clean fuels such as natural 
qas. 

Future Air Quality 

Industrial eneray demand is increasing sharply and by 1999 
will be about 2.5-fold higher than today. Also the distri- 
bution pattern of prime eneray consumption is exnected to 
chanae sianificantly (Table XXXIV). Coal consumption is 
expected to decrease somewhat durina the next two decades. 
This is the result of the replacement of the fuel aas heated 
open hearth furnaces with basic oxyaen furnaces by the steel 
industry. The BOFrequires less fossil-fuel eneray than the 
open hearth furnace. It is fed with oxyaen instead of air 
whereby the heat losses of the nitroaen from the air are 
avoided and some iron metal oxidation contributes a certain 
amount of non-fossil-fuel eneray to the process. As a result 
the sulfur dioxide emission in steel producing centres may be 


expected to decrease slightly. 


O71 and aas consumntion, on the other hand, will increase siani- 
ficantlv. While natural gas is the most desirable eneray source 
from an environmental viewnoint, its lonq-term supply situation 
is uncertain. Therefore, the use of natural aas by industries 
should be controlled so that adequate sunplies are available in 
the future where it is necessarv for the process operation or 
where no other air pollution abatement method is feasible. The 


policy of restricted usace of natural gas may be revised in some 
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distant future, when coal qgasification will provide a lona- 
range supply of clean fuels. However, coal aasification is 
still at least one decade away and many technical problems 
have yet to be resolved (See Section III/5.1, Desulfurization 


of Fuels). 


The consumption of oi] is associated with similar environmental 
problems as the consumption of coal. Of prime concern is the 
sulfur content of oi] which may vary over a wide ranae. The 
expected increase in oi] consumption may require restrictions 

of the maximal permissible sulfur content of the oi] products 
used in a particular area in order to provide a aood air quality. 
Since control technoloay for particulate abatement and desulfuri- 
zation of oi] is available provincial air-quality standards wil] 


be met in the future. 


At present, however, there is no technoloay existent to abate 
NOY emissions. As a result, NO, emissions are expected to 
increase in accordance with the increase of fuel consumption and 
provincial NO. criteria will be exceeded more frequently in 
wider and wider areas. Ultimately, a limit to industrial arowth 


for selected areas may have to be considered in order to assure 


an acceptable quality of air. 


Water Quality 


The consumotion of coal and oi] for generation of steam or elec- 


trical eneray results in water quality problems similar to those 
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5.3.4 


of the generation of electrical power from these fuels, but 


on a smaller scale. Coke production from coal creates a 


variety of water quality problems due to discharae of phenols, 


ammonia, sulfides and other compounds. In addition, the 

quality of the water may be decreased by increasing the chemical 
oxyaen demand through the discharge of waste streams. 
Conservation and Improvement of the Environment 

Since the manufacturing process of all products consumes eneray , 
there is a certain amount of pollutant emission associated with 
each individual product or service produced. In addition, many 
products cause more pollution problems when they eventually end 
up in incinerators, landfills or are disposed of an unaccentable 
ways. Therefore, conservation of eneray and non-renewable 
resources may potentially reduce pollution caused by many manu- 
facturina and industrial sources. Basically, conservation 
involves the reuse of products and resources, recyclina of waste 
products and the manufacturine of products of increased dura- 


orl ity. 


On the basis of consumed eneray, it has been shown that non- 
returnable containers are more eneray-exnensive than returnable 


(105) The use of returnable containers would not only 


ones. 
conserve a sianificant amount of eneray but would benefit the 
consumer additionally by reducina costs and by alleviatina the 


pollution created by discarded containers. There are several 
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means of encouraqgina the use of returnable containers. 


The amount of eneray used in production of metals varies 
areatly dependina on the tyne of process used for purifica- 
tion. The reclaimina of some metals, such as aluminum, 
copper, and titanium, is considerably less eneragy-expensive 


than obtainina them from raw eee 


Although exact fiaures for the eneray exnenditures for pro- 
ducing paner from pulp and from scrap paner are not avail- 
able, it appears that recycled paper is less eneray-expensive 
than virgin paper. It was estimated that in the U.S. the 
savings on disposal cost alone of recyclable newsprint and 


paperboard is in the order of $290 nittienc 


Present tax policies provide economic encouragement for conti- 
nued and expanded use of primary or virgin products. Tax 
policies should be reexamined and consideration aiven to chanaes 
that would: 

(a) provide manufacturers with a realistic incentive 
factor for utilizina more recycled materials 
through a recycling tax deduction or credit, 

(b) encourage new and exnanded plant investment in 
recycling facilities and equipment through ranid 
write-off and amortization of such investments , 

(c) provide a basis for exnandina research and develon- 
ment activities by industrial firms canable of 


recoverina recycled materials. 
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One of the major inefficiencies in our society is the ranid 
turnover of consumer qoods. The rapid obsolescence of aoods 
is frequently planned by the manufacturing industrv in order 


to increase sales. 


Substantial improvement in eneray efficiency could be achieved 
if industry made an honest effort to increase the life exnect- 
ancy of its products. Tax policies shouldbe desianed and 
implemented to encourage industry to increase the durability of 


its products. 
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5.4 


Impact of Residential and Commercial Uses of Fneray 
pn CONE ela) vees OT eneray 


Residential and commercial uses accounted for about 30% of 
the total primary eneray consumption in Ontario in 1970 

(See Table XVIII) and for about 45% of the electrical eneray 
consumption. The percentage of primary eneray consumption 

is expected to decrease to 19% by 1999, but the absolute 
consumption of energy will increase from 537 x 19/2 BTl! to 
984 x 10." BYU during the same period. In order to evaluate 
environmental problems attendant to eneray use for these 
purposes, the present and projected residential and commercial 
energy consumption by fuel type as shown in Table XXXVI has 
been emploved. In the household, the major consumption of 
eneray is for space heating, followed by lightina, water 
heatina, stove, refriaerator, freezer, air conditioner, and 
other uses. Commercial uses are predominantly for snace heat- 
ina and lighting. In assessing the environmental impact of 
these eneray uses only the direct consumption of fossil] fuels 
is considered, since the environmental impact of aeneration 
and use of electrical eneray has been covered in a previous 


section of this report. 


Some comparisons will be made, however, between fossi] fuel 


and electrical heatine systems, and some methods of conservation 


of eneray by residential and commercial consumers will be 
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TABLE XXXVI 


ESTIMATED RESIDENTIAL AND COMMERCIAL PRIMARY ENERGY 
CONSUMPTION BY FUEL TYPE FOR ONTARIO* 


CONS UMPT TON (10! BTU) 


FUEL TYPE (In Brackets: percentages of total) 

1970 1980 1990 
Coal Qat ple) yn Ome Data Woks) 
Oil 319 ( 59) Sher SP 483 ( 49 ) 
Gas 188 ( 35) 333 Uh) 496 ( 51 ) 
Other’ Gaf 2) 6 Ge 3, fe 404.) 
Total 537 (100) 743 (100) 984 (100) 


en ce a ne re EE rR 


Excluding electrical energy 
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discussed. 

Air Ouality 

In Ontario the hiahest density of residential and commercial 
developments doubtless exists in Metropolitan Toronto. Con- 
sequently, pollution problems due to commercial and residential 
sources may be expected to be most evident in this area. Table 
II summarizes pollutants emitted by residential and commercial 
sources in Metropolitan Toronto. The Ontario Ambient Air 
Criteria for NOs SM, 5 CO and suspended particulate matter were 
exceeded on a number of occasions in Metropolitan Toronto in 
1971 and emissions from residential and commercial sources con- 
tributed towards this. Mathematical modelling of the residen- 
tial and commercial emission only (discountina all other sources) 
indicated that even under the most severe meteorological con- 
ditions, they alone cannot at the present time cause the “ntario 
Ambient Air Criteria to be exceeded. As shown in Fiaure 28, the 
maximal S0, concentration in a larae urban area due to residen- 
tial and commercial sources may reach about 0.95 pom or about 


a quarter of the permissible limit. 


If it becomes desirable to reduce SO, emissions from residential 
and commercial sources, the use of low-sulfur fuel is the best 
SO, abatement strateav for these hundreds of thousands of air 
nollution sources. The increasina use of aas and low-sulfur 


oil in these anpnlications has already resulted in better air 


quality. Table XXXVI illustrates that some additional imnrove- 
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ment can be made with respect to 50, emission by displacina 
coal of a relatively hioh sulfur content with aas and to a 
lesser dearee with oi]. At present, the laraer nower aene- 
ration and industrial sources employ equipment to remove 
particulate matter and are required to erect stacks so that 
pollutants are diluted before reachina around levels. How- 
ever, flue-cas cleaning abatement systems are not practical 
for residential and many commercial sources. It should be 
recoqnized, however, that residential and commercial sources 
provide the overall urban background levels of several air 
pollutants. Since it is not economically feasible to abate 
small residential and commercial sources within the foreseeable 
future, low-sulfur fuels should be reserved for these uses. 
The need to abate pollutant emission by larae sources such as 
fossil-fuel electrical generatina station, industrial boilers, 
industrial processes, etc. may be dictated by the pollutant 
levels that residential sources unavoidably produce at present 


as shown in Figure 29. 


It is anticipated that the population of Ontario will continue 
to qrow to the fiaures shown in Table XVII, while the total 

primary eneray consumption for residential and commercial uses 
will increase by about 83% during the next two decades. Based 
on the expected growth of eneray consumption and chance in fuel 
pattern, pollutant emissions for 1990 were estimated for Metro- 


politan Toronto and are compared with 1971 values in Fiaure 29, 
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Due to changina patterns in fuel consumption the total emis- 
sion of SO, is expected to decrease sliahtly. However, NOY 
emission is expected to a double as the eneray demand 
increase. As a result, NOY criteria of ambient air may be 


reached or exceeded in Toronto before 1999 by residential 


and commercial emission sources alone. 


In order to reduce air pollution from a residential and commer- 
cial sources, several conservation strateqies are available, 
such as: 

(1) Improved insulation of building. 


(2) Improved efficiency of heatina systems. 


Space heatina is achieved either by direct use of fuels in a 
home furnace or by use of electricity. Most heatina in Ontario 
involves direct use of fossil fuels but electric heating has 
been aainina popularity. Insulation is a major factor in 
determining the amount of enercy needed to heat a buildina and 
consequently indirectly affects the amount of pollutant emis- 
sion. Houses desiqned for electrical heatina are, in ceneral, 
much better insulated in order that this heatina method can be 
economically competitive. If similar insulating standards 

were adopted in homes usino direct fossil-fuel heatina, the 
eneray savina would be considerable. However, at oresent 

the economics of initial cost appears to be the decidina factor 
against improved insulation. The efficiency of the home heatina 


system is not as closely supervised as that in larae industrial 
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5.4.2 


if 


installations. Better desian and system maintenance will 
potentially reduce pollutant emission. The need for a better 
conservation of fuel together with a reduction of pollutant 
emission may necessitate a closer check into the efficiency 

of residential and commercial heating installations. 

Electrical Heatina 

Electrical space and water heatina for residential and commercial 
buildings appears to be a convenient, clean method of heatina. 
However, a closer examination of relevant facts reveals that the 
prime eneray resource is not utilized as efficiently. The 
eneray conversion efficiency of thermal aeneratino stations 
(35-40%) is notably lower than the efficiency of household fur- 
naces (55-75%). As a result, thermal generatina stations emit 
laraer quantities of pollutants to the atmosnhere than does the 
direct use of oi] or aas. Table XXXVI shows the estimated emis- 
sions caused by the heating of an average home. The fiqures 

for electric heatina represent pollutants emitted at the aene- 
rating station with the existing mix of power aeneration sources 
(i.e. water power, oi], coal and nuclear). Power nlant emis- 
sions are generally discharged several hundred feet above the 
around while home furnace emissions are released close to the 


ground. 


While many factors influence the environmental imnact of heat- 
ina methods it is undoubtedly easier to control the emissions 


from larae central nlants than it is from numerous small homes. 


oe 5 hae 


pee a a - ae on | 


Rois fa ; 
Divs a> \Aum¢- 
"e ul Pd 


$y wt: na at 6 7 ae | to enhes y 
+e. on ot nena Gi oe to tig) 
TA | ee wer oouhed & he, aut FO 
Wiese huibiiae. art oto} Young, sheet 
ar 


7 Bn ve lgdobest tas ant pitino ‘atom 
i | ) or rm 


‘ a or g 2 SE 


pataveeits One Tstinobteor “40? ‘ontonen vars on pers ats 
HRPM Ve boson neafa ,snptnsvaar s o¢ of 275900 conto 
air fet elpevey 23909 dnevoler to natiaatinane ye20to i. ae 
alt at ynstoth re, 26 baht tt ton at sowoesy vorene ‘oats 


bearvate paltavensn errant, Yo vonata}¥te: notersyags yorsng 4 aad 


Mi Biateewos to yondtoltts ade wens vawo! xldaton t (x0R-26) | aw 
Ree) paaliate onttieonap t esraitd Stuer 6 oh tyat- #2) 23980 y 

SY wen nett srsrloronts od ed etnudul fod Yo asta tiaoun ‘repval ee 7 
2 hag naditond ses ors pete TVRRY. ofdst 260/70. Fo te aaV aaettb ie 7 . 


re ( 


i pevsegt® or omer ot SOV a6 TO ontiie coe vd heepan emote 
ste oA Mn Wedding z2nsjutlog Ingzeraey, ontined-atsosts at | 
snaner viaiiion sawod %o xin ontaatxs adt pare noticia nnbaey ; 
oo tetmtns Neuer =. (van Faun nis (soa . ho sande 1at6y Ms t) i | 
‘with <oedy we thet nun [arever vanruartoe ty vf fervoneg “A elt : 14 
ett of oeets omaeaton aN fh snot zuhws sata arnt of Pri bavirin 


-bnue 


inet %o Peeatel fadoomnertt vee aid SomautPny a10328? wanna atti 


=; ee Chewr. > NerveenneT pure 2b ah nad 2toatea T 


5,453 


Also, the values aiven in Table XXXVII for direct burnina 

of fuels in home furnaces are for ideal conditions. |!Indoubt- 
edly, many furnaces are poorly serviced and improperly 
adjusted and consequently may release much areater quantities 


of pollutants. 


However, considering all aspects of this problem it anpears 
that electrical residential or commercial heatina at present 
is less desirable from an environmental standpoint. (ntil 
coal-or oil-fired power plants install flue-qas abatement 
systems for SO, and NOy 5 or, until nuclear power generation 

is a much larger portion of the overall capacity, electrical 
home and commercial heatina should not be encouraged. How- 
ever, urban a%.- quality could be sianificantly imnroved in the 
future by disolacina residential fossil-fuel heating with 
electrical heatina, if (1) nower nlants are isolated from urban 
areas, (2) flue-aas abatement systems are routinely employed 
and (3) the nuclear capacity increases. These paths should he 
encouraged with the result that electrical heatina could be 
environmentally very desirable in the earlv 1980's. 

Other Uses of Electrical Eneray and Conservation 

The major residential uses for electrical eneray are liahtina, 
water heaters, stoves, refricerators, freezers, and air 
conditioners, each unit using more than 1990 kwh ner vear 


and cumulatively usina 75% of total household use. Water 
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TABLE XXXVII 


AIR POLLUTANTS EMITTED IN THE HEATING OF 


AN AVERAGE HOME - LBS/YEAR 


Gas Oil Electric 
Furnace Furnace Heating* 


Particulate 


NO 
x 


#Based on 1971 estimate of power generation mix of 41% by 
coal, 3% by gas, 50% by water, and 6% by nuclear. 
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5.4.4 


heaters have the hiahest eneray demand of anv appliance, 
using over 4000 kwh per year. Gas water heaters use onlv 
half as much fuel eneray as electric water heaters and 
widespread use of aas for water heating would represent a 
major reduction in eneray demand. Similarly, aas stoves 
could replace electric ranaes but the total enerqy conserved 
would not be as great as for water heaters. The question 

of excessive lighting of buildings on a 24-hour basis should 
be considered from the effect unon the environment and also 
from the aspect of the availability of fuel to aenerate 
electricity. ne private power comnany in the U.S. reduced 
its eneray demand by 1 to 2% by advertisino conservation. 
This savina in eneray represents perhaps a 29% reduction of 


the mean yearly arowth demand of 7% per year. 


The use of waste heat from thermal power stations and other 
boiler installation is often mentioned as an eneray resource 
for area heatina. This is not practicable with existina 
systems, but it 1s a possibility in the desian of a self- 
contained total eneraqy system in new towns or larae buildinas. 
This idea should be part of future desian concepts. 

Water Pollution and Land Use | 

The utilization of fossil fuels in residential and commercial 
applications does not aive rise to direct water quality nrob- 


lems, waste disposal problems or other factors affectina land 
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use and resources. 


wd Impact _of Eneray Use by Recreational Vehicles 
The use of eneray in recreational pursuits is increasina each 
year. Primarily aqasoline is used to power a variety of 
motorized equipment. Althouch recreational devices account 
only for a very small fraction of the total eneray used in 
Ontario, they create environmental impacts far bevand the 
problems associated with the consumption of eneray. These 
problems will increase in the next two decades due to the 
increase of leisure time and resources the public will have 
for recreational pursuits. In many cases problems are created 
by persons using these devices in an inconsiderate and irres- 
ponsible manner. 

Seat Snowmobiles 
A total of 113,289 snowmobiles were reaistered in Ontario un 
to 1971, providing an average of 155 hours of snowmobilina 


ner user durina the sees, PR 


Snowmobilina is orowing fast in popularity with an annual 
increase of snowmobiles of 30,090. The sport is qeneratina 
a sizeable economic activity both in recreational areas 
formerly based on a summer season only and in the manufactu- 
rina centres of these vehicles. However, snowmobilina has 
resulted in adverse environmental impacts includina noise, 


property damaqe and trespass, pollutant emissions, litterina, 
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disruption of wildlife, damage to nlants and soil, as well 
as injuries and fatalities to people. In order to control 
the environmental impacts from the recreational use of snovw- 
mobiles, a restriction of their use to selected desianated 


areas and trails is recommended. 


Table XXXVIII indicates the snow compaction effect by snow- 
mobiles. A four-fold increase of thermal conductivity hv 

two snowmobile passes jllustrates how the insulation effect 
of snow is destroyed by compaction. Snow comnaction may 
result in lowering of soil temperatures and deen freezina 
which can affect the survival of many species by killing under- 
ground perennial structures. The laa in the sprino soil warm- 
up retards the life cycle of early spring plants jeopardizina 
their survival. Nutrient cycles and humus formation may he 
affected by the curtailment of soil-microbe activities. The 
impact appears to be areater on forest communities when com- 
pared to open areas, partially because driftina snow may fil] 


in the tracks in the latter. 


Next to traffic and automotive vehicles, snowmobiles are 

the cause of the largest number of complaints about noise 
during the winter months. This is due to the fact that snow- 
mobiles at present are inherently noisy and are sometimes 
used in inconsiderate ways. The noise levels in the ear of 


the operator is in the range of 190 to 115 dB(A). New snow- 
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EFFECTS OF SNOW COMPACTION BY SNOWMOBILES 


DENSITY THERMAL CONDUCTIVITY 
New Snow O.17 em/enr 1.52 x 107+ cal /em? -sec/"C 
One Pass 0.26 am fom oe Be 1074 tt 
Two Passes 0.36 em fem 6.3 x 1074 t 
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mobiles will be limited to noise levels of 83 dB(A) at 50 
ft. by federal leaislation. At least one manufacturer has 
produced a machine which does not exceed 79 dB(A) at that 
distance. Consequently, future noise levels will be decrea- 
sing. It is of interest that the Conservation Council of 


Mntario proposed maximal noise level of 89 dB(") at 15 feet. 


In addition to annoyina people, snowmobilers mav harrass 
wildlife at a critical time of year. Some neonle just want 

to aet closer to see the animal, or chase it. This may exhaust 
the animal's eneray reserves and thus unwittinaly tin the 
balance against wildlife in a period when food is scarce. On 
the other hand, snowmobile trails are used by wildlife such 


as deer, to qet to a food sunply when the snow is deen. 


Snowmobiles pnroduce emissions to the atmosphere similar to 
the automobile. Although these emissions may be somewhat 
areater on an eneray consumption basis, their total imnact on 
air quality is not a problem at present. 

oe Powered Watercraft 
In 1965 the boat reaistrations for 19 H.P. and over were 


P <a : Na) 
288,990 in Ontario and is increasing by 29,999 ner ver / 


Nutboard enqines accounted for over 99 nercent of the total, 
the remainder beina inboard aas or diesel enqines. Aver 


98 nercent of all outboard in use are of the two-stroke cycle 
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Due to the inherent desian of these enaines and their emis- 
sion characteristics two-cycle enaines are more notential 
polluters than four-cvcle engines. Therefore, anv studv of 
water pollution should have its areatest emphasis on out- 


boards. 


The amount of discharae varies with different makes and sizes 
of outboards. A 19 to 29% discharae of unburned fuel and 


(110) Since nearly one billion aallons 


Oi] is. quite common. 
of outboard fuel are sold annually in North America, at least 
100 million aallons of unburned outboard fuel are beino dis- 
charaed every vear into the naviaable waters. As a result. 


toxic materials such as tetraethyl] leads may accumulate in 


aquatic nlant and fish life. 


Pecently, at least one major manufacturer was attemntinoa to 
solve the emission problem by enaine modification. It will, 
however, take about a decade hefore the majority of the older 
enaines are replaced. By that time manv of our smaller lakes 


may be contaminated. 


The Ontario Ministrv of the Environment has a research nroject 
; P (111) 

underway on pollution caused by outboard marine enaines. 
The studv indicates that the dearee of nollution caused hy 


outboard exhaust emissions is low in areas of moderate use 


and the effect on aquatic life is notas serious as was renorted 
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before. In waters adjacent to marinas and hiah use landinas. 
fuel spills related to marine motors use do have an immediate 
and noticeable effect. Tha Studv also indicates that snills 
evanorate quickly and that the oraanic load is low. The first 
Sian of pollution in such areas is that fish become tainted. 

but usually the taint disappears in 7 - 19 days when the fish 

is removed from nolluted waters. Noise nollution and the noten- 
tial for accidents by the use of motor boats apnear to he of 
more serious concern than water pollution. The studv suaaasted 
that a nower hoat nollution index based on horsenower hour/acre 


feet be develoned. 


That there is a arowina concern amona neonle ennaned in certain 
recreational pursuits in Ontario is borne out by letters which 
have heen received at Nueen's Park. Tha complaints are mainly 
directed anainst the use of hich-powered boats on the smaller 

bodies of water particularly for water-skiing. Such complaints 


usually include the following: 


Nlv films on the water surface which dearade the water quality 
for recreation, stirring up of bottom silts which muddies the 
water, noise nollution, danaer to swimmers. erosion of hanks 
and shores as a result of the waves caused hy sneedina water- 
craft, adverse effects of waves, noise and other disturhances 


of fish and wildlife and enjovment of nersonal nronerty. 


‘gs a result of the continued arowth of nowered watercraft in 
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Ontario waters, the nroblems are likely to increase hoth in 
intensity and will also spread to waters not at present 
accessible. The use of nowered watercraft has been restrict- 
ed in desionated waters within conservation areas and provin- 
cial parks. Restrictions of the use of nowered watercraft, 
or as to the permitted maximum horse-power, on desianated 
waters outside conservation or park areas should he consi- 
dered in order to control the effects of hiah-powered boats 
on smaller water bodies. 

Other Motorized Recreational Vehicles (MVP'S) 

Devices on wheels for the wild country include dune buanies, 
dune cycles, ATV's (all-terrain vehicles), ATC's (all-terrain 
cycles - 3 wheeled), RTV's (rough-terrain vehicles), swamn 
buaqies, specialized 4-wheel drive automobiles and trucks, 
trail bikes, etc. These vehicles are driven off-the-normal 
transnortation route and are canable of heing driven in, 

over and through almost anv surface area in ntario from Lona 
Point Marshes to the fraaile Arctic tundra. Wide deen and 
treaded tires or caternillar tracks support some of these 
vehicles. Such traction and floatation is required to pul] 
the vehicles throuch soft sand (often stabilized from erosion 
by arasses and small shrubs) and to cross marshes (nestina 
sites of waterfowl) and shallow water (spawnina heds or habitat 


for fishes). 
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The environmental impact of the use of these recreational 
and transportation vehicles include compaction of soils, 
churning up of soils susceptible to erosion, killing of 
grasses and shrubs preventing erosion, damage and death 
to trees, shrubs and other vegetation, oi] spills and 


emission of exhaust gases, noise, fire hazard, littering, 


-trespass, disturbance of nesting birds and wildlife popu- 


lations. To prevent such environmental impacts, the recrea- 
tional use of such vehicles will have to be directed to 
selected designated areas. 

Air Cushion Vehicles and Aircraft 

Air cushion vehicles suitable for recreational use, and 


under $2000.00 purchase price, are now on the market. 


The environmental impact of air cushion vehicles and air- 
craft is concerned mainly with noise, exhaust emissions into 
the atmosphere and oi] spills on land and water, usually 
during refuelling and maintenance operations. The major 
impact of the recreational use of these vehicles will be 

in the disturbance of breedina, feeding, rearing and rest- 


ing habitats of fish and wildlife. 


Summary 


The main problem of the use of all recreational vehicles in 


general is not so much related to the use of energy or fuel 
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per se, but rests in the way of how a growing number of 
people are using their machines. Due to the vastness 

and inaccessibility of many areas of the Province, little, 
if any control can be effectively exercised. As a result, 
irreversible damage to land, water, and wildlife may be 
expected to increase, unless regulations are introduced to 
protect our environment from abuse by irresponsible opera- 
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IV. ENERGY AND THE LAW 


CURRENT LEGISLATION 


Air Pollution 

Province of Ontario 

Ontario has enacted the most comprehensive air pollution lecis- 
lation in Canada. Control is exercised under The Fnvironmental 


Protection Act, 1971, (112) 


which also includes leaislation for 
water, solid waste, noise and pesticide abatement and control. 


The Air Management Branch, part of the Ministry of the Fnviron- 


ment, enforces the Act through a set of air pollution requlations. 


Emission standards for 89 contaminants are stated in terms of 
around-level concentration at the point of impinaement. The 
same requlation includes the desirable air quality for 27 air 
pollutants. Manv other contaminants have been defined. Sneci- 
fic reaulations aovern emissions from automobiles, asnhalt 
nlants and ferrous foundries. / sulfur content in fuel recu- 
lation is limited to Metropolitan Toronto. Althoumth there is 
no criterion for reactive hydrocarbons in ambient air (reactive 
hydrocarbons are the species which may nroduce photochemical 
smoa) in Ontario, it is nossible that either the Federal or 
Provincial Governments miaht introduce one in the future. This 
criterion would affect the refinina and automobile industries. 


(113) 


An Air Pollution Index system is in force in 4 areas, 
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Metropolitan Toronto, Hamilton, Windsor and Sudburv. The 
Index is used to reduce harmful emissions, denendina unon 
adverse meteorological conditions. The Index is a ?4-hour 
running averace of sulfur dioxide and solid narticulate 
values and has heen determined from nast air vollution eni- 


sode conditions in other parts of the world. 


Table XXXIX comnares air quality ohjectives for Ontario with 
values announced by Environment Canada, and with the Federal 
U.S. standards. Ontario's nroaram is consistent with the 
uniform air quality ohjectives throuchout North America. The 
Act also snecifies community noise as an environmental nollu- 
tant. Although it will limit the noise levels of devices which 
require enerav for their oneration, (vehicles, air conditioners, 
mowers , snowmobiles, motorcycles, etc.) its requlations will 
not areatly imnact the energy industry or siqnificantly alter 
eneray consumotion patterns. 

Federal Government 


(114) provides for air nollu- 


The Clean Air Act, 1971 (Bil1-C-224) 
tion control agreements between nrovincial and federal qovernments. 
It could also provide for fundina of provincial nroarams in order 


that they agree with standards set by the federal qovernment. 


Federal installations, which have been exemnt from provincial 


requirements, will be required to meet federal standards. These 
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TABLE XXXIX 
NORTH AMERICAN AIR QUALITY OBJECTIVES 


in mass units (ug/m?) 
with volume units (ppm) in brackets 


Federal Federal 
Max, Max, Det. 


Desirable Acceptable Secondary 
ulfur Dioxide 


hr 450 (0.17) 900 (0.34) 1300 (0.50)3«* 

24 hr 150 (0.06) 300 (0.11) 260 (0.10) 

1 yr 30 (0.01) 60 (0,02) 60 (0.02) 
articulates 

24 hr 120 150 

1 yriees 60 70 60 


irbon Monoxide’ 


1 hr 15:(13) BS: £30) 4O (35) 
8 hr B25) LS ATS) 10 (9) 
cidants 
7 hr 100 (0.05) 160 (0,08) 160 (0.08) 
24 hr 30 (0.015) 50 (0.025) 
lyr 30 (0.015 )sHHHe 
‘drocarbons 
3 hr none 160 (0.24) 
mg/m? 
Snr, max. 


* geometric mean 
*“* arithmetic mean 


= ept) = 
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OBJECTIVES 


650 (0.25) 
260 (0.10) 
60 (0.02) 


\ 


‘vt Q 


Ob) 
(se d). ba 


(#5,0) ‘O88 


; 
; 
| 
hig 


—— 
Aa! 
dey 
= 
& & 


ie (ait. 9) oy 


oron 


; ‘ ; ye A : 
(0820) 008! cn ot ei mt 


(90.0)' 04 -go.0) 08) 00) as 
; ‘is A ey 7 - 
i : t i . wa0 
; ai > ied 7 ap 
vet ose nage ae a 
00 i im) 6 ae O 


(EL). 2c) 
(2) 0 


KOMI RE 
 (egyort 


(28) OR) 
(P) OL 


(30,0) Odt. Convo) Oa, 20.0) ban f a >, 
(290,0},0% (840.0) Of a 2 


ne-e{ 200,08) O& 


4 Nie) ent, : 


] 
] 


ats 
e251 


may or mav not be as strinaent as those of the provinces. 


There is authority in the leaislation to: 
(1) set national air quality objectives 
(2) set national emission standards where the emission 
could cause a national health hazard, or comnly with 
the terms of an international aareement, such as 
those involved in trans-border nollution 
(3) requlate the comnosition fuels imported into or 
produced in Canada, and 
(4) set national emission auidelines. 
Water Pollution 
Province of Ontario 
The Environmental Protection Act, 1971 nrovides that no nerson 
shall add any substance to water that will or is likely to cause 
iniury to any nerson, animal, bird or other livina thing. The 
extensive powers of the former Ontario Water Resources Commission 


(OWPC) have been transferred to the Ministry of the Fnvironment. 


There are other Provincial Acts which contain numerous provisions 
and reaulations which, although not exnressly nrohihitino water 
nollution, can be anplied to prevent or minimize it. They are 
as follows: 

(1) The Municinal Act 

(2) The Public Parks Act 


(3) The Public Health Act 
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(4) The Lakes and Pivers Imorovement, Public 
Lands and the Provincial Parks Acts 


(5) The Conservation Puthorities Pct 


Members of the Ministry of the Fnvironment work with members 
of the Ministries responsible for the above-mentioned Mcts 
in maintaining surveillance of any surface and qroundwaters 
in Ontario. 

Federal Government 

The Naviaable Waters Protection “ct provides for the contro] 
of water quality in waters used for naviaation and shinnina. 
The Inland Fisheries Act provides for the control of water 
quality insofar as it concerns the preservation and conser- 
vation of fish. The Indian 4ct contains provision for the 
reculation of reservation waterwavs. The Miaratory Birds 
Convention Act prohibits pellution of waters frenuented hy 
mioratory birds or waters flowina into such waters. Finally, 
the Canada Water Act, the most requlatorv of Federal water 
pollution leaislation, permits the Federal Government to 
desianate, as a water-quality management area, any hodv of 
water where there is sianificant national interest, and, as 
such, maintains water auality management in all areas of the 
countrv. 

Radioactive Fmissions 


The authority, in Canada, which controls all uses of radio- 
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active materials including the operation of nuclear power 
Stations is the Atomic Fneray Control Board (AFCB) assisted 
by the Reactor Safety Advisory Committee (RSAC). The 
Peactor Safety Advisory Committee is snecifically selected 
for each individual reactor and reviews with the Board's 
staff officers all aspects of the proposed station from 
preliminary concepts and proposed site throuah desian and 
commissionina to routine operation. The PSAC consists of 
experts in many disciplines and representatives from other 
interested requlatory authorities. For a reactor to be 
sited in Ontario, the Ministries of the Environment, Labour 
and Health would he represented, alona with the Medical 
Officer of Health for the County or areas adjacent to the 
reactor site. 

as International Programs 
Many international proarams have been created in the nursuit 
of uniform environmental aoals or standards and joint action 
on common international nollution problems. Canada and ntario 
participate in many of these proaqrams, but a bilateral nroqram 
with the U.S. is of particular importance. The United States 
and. Canadian Sovernments are workina toaether (1) to restore 
the quality of the Great Lakes -- a vital asset for a larae 


seament of the population on both sides of the boundary and 
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(2) to reduce the transboundary flow of air nollutants. 


Ministers of both countries aareed to set up a Joint “Work- 
ina Group to study and evaluate the Great Lakes problem. 
The Group began to study ten major problem areas and hy 
April 1971, issued a report containina its recommendations. 20? 
It urged the two Federal Governments to acree to adont common 
water-quality objectives for the Great Lakes, to aaree to 


programs for attainina the objectives, and to aive the [JC 


authority to monitor these efforts. 


Subsequently, the two Governments aareed to adont the report 
of the Joint Working Groun and to comnlete a Great Lakes 
Water Nuality Aareement embodyina the recommendations hy the 
end of the year. The aareement will specify measures to 
control Sreat Lakes nollution by 1975, which may include 
reaulations reaardina thermal-waste disposal. 


The International Joint Commission has also been active in 
(115) 


the evaluation of joint air-pollution problems. Pacently, 
the Air Pollution Control %ffice of the U.S. Fnvironmental 
Protection Aaency issued a set of nronosed standards. These 
standards are sliahtly hiaher than those already adonted 

by Ontario. At this time, Ontario will continue to use the 


lower values and develon abatement strateaies to meet the 


more strinaent objectives. 
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Air pollution in the Windsor-Detroit and Sarnia-Port Huron 
areas has caused concern for many years. The International 
Joint Commission, at the request of both aovernments. has 
carried out comprehensive investiaations of the inter- 
boundary flow of air pollutants which is renorted in reference 
115. The Study recommended that control agencies, in hoth 
countries, accelerate their abatement proarams to brina al] 
sources into compliance with the law. Costs for contro] 

of 51, and particulate matter only in these two areas was 
estimated at over ¢65 million. & committee composed of the 
heads of the air-pollution control programs for the State 
of Michiaan, Wayne County and the Province of Ontario has 


been established to achieve these qoals. 


A\thouach the IJC proaram 1S. active wide as probably fair to 
Summarize it by sayina that proaress in the form of remedial 
action is slow in coming. The U.S. aovernment has not vet 
provided its share of resources needed to carry out the 
recommended nroaram. 

Other Leaislation in North America 

There are a countless air, water and radiation pollution reau- 
lations in the United States. Only some of the emeraina trands 
pertaining to enerav use are discussed here. 

(7) Environmental Impact Statements |?) require that anv arour 


or acency of the U.S. federal qovernment, nronosina 
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leaislation or nlannina to undertake an action 
“significantly affectina the quality of the human 
environment”, must file an impact statement. The 
Statements must describe the leqislation or action, 
its impact, and the alternatives considered. Refore 
filina, the statements must be circulated by that 
agency to the public and to annronriate Federal . 
State, and local environmental aaencies. Comments 
received on the draft statement become a nart of 
the public record. The Administrator of FP! has 
the indenendent resnonsihility for reviewina and 


commentina on the environmental imnact of all pro- 


nosed Federal activities or leaislation. 


Over 29 U.S. federal agencies have established internal 
procedures for nrenarina impact statements. Some 
agencies, for the first time, have exnlicitly incor- 
porated environmental considerations into their 


decisions. 


The sytem is not vet workina as intended. Lack of 
environmentally-trained nersonnel ard the difficulty 
of chanaina established decision-makina natterns are 
still problems. Too often, the environmental state- 
ment is written to justify decisions already made, 


rather than to nrovide a mechanism for critical review, 
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Consideration of alternatives is often inadequate. 

and the ultimate alternative i.e. "takina no action 
at all because of the environment” has rarely heen 

considered. There is also the difficulty of anv 


aroun in enaqaqgina in nublic self-criticism. 


The value and completeness of these statements varies 
drastically from aaencv to agency. Some have been 
severely criticized as sunerficial, incomplete, 
incompetent and misleadina. At the other extreme, 


(116) 


the U.S. Department of the Interior has adopted 
an elaborate procedure callina for consideration 
of about 19,909 items in completina a 199 by 199 


matrix and assessments must be made for any area, 


in which there is an environmental impact. 


AM1though the requirement for environmental imnact 
statements, which are made public, has its short- 
cominas, the basic idea is felt to be qood. Various 
oraanizations of the Ontario aovernment now use or 
advocate this concent in one form or another. It is 
stronaly suacested that Ontario establish a nolicy 
of requiring environmental imnact statements to he 
completed and evaluated hy all “tinistries before 
new nroarams are imnlemented. The annroach adonted, 


should profit from the initial shortcominos of the 


=280. 5 


ib 


“sod ‘igen “ Yresengn Pra Oe 
: att Eure 

vin Nas yatns Cvett art ine ert Oe 
Pee Thaw. hs os 
Ee mata td hy tee ante mt ate) 


nie ed 


" 


ataae Sieieed ot 2 ac69 0 zsamazntmen bre. iain, 
i 


a 


rhiYm sno2 .yonmns Ot vanape nent vt teahant 


pettamnon? $Tetoryeque 96 hextots iio visvavae “ 7 
Yee Ke vedi, ott 3h. ‘prPagesetin bag. AIGA PERS oP A 
magnates part!) an tntad ats 40 Hams KoS0 ‘2,8 ant, i geet ae 
ROPE SYA! | ecto vot? parties aiungnomd etevodal a 6 - ; > / 
WY ad 6 « evi vaToman Wt anath N00, f dlads You) | ‘a - as 
snete ere, 9 ‘im O8 frm 2 tnemezerca bas xixgan ve - 7 
ifosue) (artemonfvas ia et send datimaty fo ns 
; he aye , re 7 a 
| | Phere fabwortvee oh Tosotiiney any tipponsih > bes 
Wii wat vats , oii dao when we Harri SEROMNIT ETS be . : 7 | 
wh er tei wt a? tfs% of geht ofand St , sneha ; on 
| . / a 
+0 “9H Wear Sherneraven -otn HimY ai? to enohtax hannyo ; s |) | 
rt 37 vate ane 90 na ene nt sna atny soeoovDs | - : 


far =. Cehbtadgen abrete| todd bodeonour vitnow? 
«0d ahem) agape fotiamnonives nth taney Fo 


laa a yhia'l ye" Ns " hednu/s eve. dna brates 


bog ne i ragnons a “tea nen fom ets, AmsvONr i | 
ah | in. ann! tavedeeniie toto ne mir? af torn - if 


(i7) 


U.S. proaram and could he emnloved by all ntario 
government oraanizations uniformly. It should not 

be restricted to assessment of the imnact or eneray 
use, but annlied to all activities which affect 
environmental quality. 

Power Plant Sitina leaislation has also heen recently 
proposed. Under the pronosed leaislation in the !!.S.. 
federal covernment decision-makina on sitina of nower 
plants (exceeding 399 MW! canacitv) would be vested 

in State and/or reqional site certification saentiee 
In the absence of such an agency, or when it fails 

to act or resolve local differences, the pronosed bill 
would put the final decision in the hands of an dd hoc 
3-man arbitration panel, which would have strono sitina 
approval powers, includina modifvina environmental 


requlations. 


Also included in the proposed leaislation, the utilities 
would be reauired to identify and uparade, annually, 
their reaional expansion plans 19 years in advance of, 
and the plans for snecific sites 5 years prior to, 
construction. These nlans should include a site invento- 
rv, as well as environmental impact statements for each 


site. Two vears before construction is to start, the 
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utilities would be required to submit a detailed 


proposal and an environmental review for the site. 


The intention of these lona-time intervals hetween 
plannina and construction is to provide plenty of 
time for the nublic and other aqencies to assess 

the proposed plans and to avoid costly last-minute 


court fiahts. 


This pronosed leqislation has been apparently directed 
to cure problems of a system, that does not exist in 
Ontario -- the existence of a areat manv privately- 
owned companies and a few publicly-owned companies, 

a wide variety of state sitina leaislation, increasinoa 
public pressure to have a voice in siting and a federal 
aovernment tryina to fill voids, left by some states 


and desirina a uniform national nolicyv. 


Best of all, the legislation provides a forum where 
interdisciplinary representatives from responsible 
government agencies, must evaluate their parochial 
departmental interests against the public need, 
explore the alternatives, and arrive at the hest in- 
formed decision. fn initial step in this direction 
has been taken by establishina a Sitina Task Force 

and workina in close coopveration with other aovernment 


acencies. 
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(iii) 


The experiment of the private utilities in sharino 
their fact-finding and decision-makina processes 

with the public has been met with varvina dearees 

of accentance. The experience of Northern States 
Power Company is esnecially encouragina. It serves 
to show that the public (consumers and conserva- 
tionists) can work constructively and with an onen 
mind in helping the utility in sitina its power plants. 
Power Plant Emission Limits have recently heen esta- 
blished by EPA in the U.S.'''7) ptt new electrical 
aqenerating plants with over 250 million Btu/hr heat 
input will not be allowed to emit nollutants in 


excess of the followina: 


Solid Particulate Matter 0.19 Ibs/million Btu innut 
(Dust and Fly-ash) 
Sulfur Dioxide 0.809 (ol lor t.2 teat) 
Tbs/million Btu innut 
Nxides of Nitroaen 0.20 (qas) or 9.39 (071) 
or 9.79 (coal) 1lbs/million 
Btu 


The existina coal-fired %ntario Hydro nlants could not 
achieve the S95 limit without using coal with a lower 
sulfur content than is presently being used. Limits 
such as these will not ensure improved air quality in 
the lona-term, because the total imnosed nollutant 
burden will continue to increase as additional nlants 


are added. 


= 290) - 


| een een, 221 narra ha fit wit lity att antatd at inte 


gan Vhuth notthhe 08s var ng tw Asti! oats evan ’ 
A pinatul fot. 2 te) ot vewotls 93 ton th tw sugnl i tf 
| -ontwal To? ova 44 eaake ' 7 Was ; 
évnit aha dott tto\ed! OF.0) "ata atetuatined bifod ” a 


rT. , | 
nenergaraiies we aU, 


wt euitis $ ib Aatesa tot emai Hue (ode 
lh go 10 sonata eer 
sayy? ae en ronypasng, yeep, a m9) | 
sey PREOD bne rego?) SrTeg, i 
he an visi bom A Nawhs aU aby, AH rn en 


a +a 


ae ) Wisosqar ever stints. note ted | 
"bes d9e 5 Wen TER IIT 2.4 ony mt N73 va bevlattd 


(tamey ta han deut) 


(faoa: Se Phe tf to) 8.0 y) 4 NSbtacohd aut tie 2 a 


*onnt wie ti avy m\eds 
; 


iveh Meee tee) PS.00 nebors it Yo gabiKN 
norpihiedt (fae) OL. Na” | tee ie 
ure” een fin my, 
we ntuny e7aaly subvll ofeagn’ heht-Fnog oatyerke eat _ 


vewot « AdheTete sWtee Pucks tw, tet gt orl ova ttite | fi i 
ayhat bam oetnd vitnevang 3 pwnd tnesnog wi foe 
nb vi tieun he ewer sure: ton rT tw sant *s ngue 
minities beagert ‘fetes a pbose4 swrsdvodat ~ r 
vdanio Tanotrtoba aA someranh ish dunritans i. ae 
Lie 


Recently, California has adopted a new and more 

restrictive reaulation for the emission of the 

oxides of nitrogen, $118) 

(iv) State of California - ule 68 
"A person shall not discharae into the atmosnhere 
from any non-mobile, fuel-burnino article, machine, 
or equipment or other contrivance, having a maxi- 
mum heat input rate of more than 1775 million 
British Thermal Units (Btu) ner hour (cross), flue 
gas having a concentration of nitrogen oxides, cal- 


culated as nitrogen dioxide (NO) at 3% oxvaen, in 


excess of that shown in the following table, " 


Nitrogen %xides 
Parts ner million parts of flue cas 


Effective date 


_———— a ee ee ee 


December 31, 197] Necember 31, 1974 


Liquid or solid 


The 1974 limits will require NOV control measures at 
least in the form of combustion modifications. It 


seems relatively certain that such measures will snread 
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across the U.S. and perhaps into Canada in the next 
decade. The present nower plants emit about twice 

this concentration of NO». 

Sulfur Fmission Taxes have also been pronosed by the 

EPA in the United States, (13) The charae “ould be levied 
on sulfur emitted into the atmosphere from combustion 

or distillation of fossil fuels. To the extent that 
sulfur is removed from fuels, no payment of the charae 
would be required. The funds aenerated hy this charae 
would enable the U.S. Government to increase proarams to 
improve the quality of the environment with snecial 
emphasis on development of technoloay tn reduce sulfur 
oxide emissions and nroarams to develon adenuate clean 
eneray supplies. This measure is intended to nrovide, 
both the incentive for SM, abatement and the means for 
doina so, This abatement strategy has little anneal in 
Mtario, because it would larqelv amount to the aovern- 
ment taxing itself. It is more direct for the qovernment 
to decide that SM, emissions are to be reduced and then 
do what is necessary to achieve this nolicy. Such a tax. 
however, micht provide a strona incentive for the reduction 


of emission from industrial sources. 


“Spee = 


iM 


Ty - - - 
Pal nt shart 4 + ener wag! Bat 


pay i 


7 oe 
waft funds th eruekt Aegan ‘san 
5 6, k i a ia 7 shes 


’ 4% > Uo nobrnatne 


=e ee be reccte avs ati wien oaxat no) xatee YG 


> ee F 
7 a : 4 v 2aq7 AJ 2 He shai) ang ni and 
, . - 
is ; 
A) ae ab inogmete etd ofnt hatdies. cutive aa” 
e hy 4 i 
3 ’ Tesh? rzon?. 10 NOCIES e270 WO ry. 
_-* 
7 
‘ ; P 4 >| fT 7. yavomey r “U? fue 7 
: , . - 
' : 
“a jurw : 


, Pe (AnD i eevupey « 


] 


ay 


VY. LONG RANGE PROBLEMS 


Possible Global Climate Chanaes: 

In attemntine to nredict any lona-ranae environmental problems. 
the lack of quantitative and nredictive research in this field 
leads to a large amount of uncertainty ahout future conditions. 
There are orimarilv three areas, whére possible climatic chanaes 
could occur, which are heina discussed and debated at nrasent. 
Carbon Dioxide Build-un 

Carbon dioxide is one of the products of combustion of fossil 
fuels. Over the last few decades the averaae concentration of 
ON, in the atmosnhere has increased at the rate of ).2% ner 

P (f0) 


year. Estimates of the increase of 0, in .the atmosnhere 


(119) 


have heen made by Machta and are shown in Fiaure 39. The 


steen rise is due to man's steadily increasina use of combustion. 


Carbon dioxide will effectively transmit the ultra-violet radia- 
tion from the sun but will selectively absorb the lonoer wave- 
lensoth radiation from the earth. Consequently, as the atmosnheric 


C9, concentration increases, the earth will tend to become warmer. 


It has been estimated, that an increase in the carhon dioxide 
concentration from 320 to 375 nonom will occur by 2990 and wil] 
warm the surface layer of the earth bv about hast While this 


chanae is unlikely to be critical, it is anparent that a continua- 
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FIGURE 30 


Model calculation of atmospheric CO, from combustion of 
fossil fuels, 
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tion of C0, production would lead to larae increases in the 

C0, concentration. Manabe and Netherald(!2) suaqqest that 

a doublina of the concentration of the aas could lead to a 

5 °F increase in world temperature which "could triaaqer other 
warming mechanisms and possibly lead to irreversible effects." 
The consequences of such an event are so areat that it should 

not be dismissed from our blannina even thouch it may he a cen- 
tury or more in the future. 

Waste-Heat Production 

The amount of heat input into the environment depends directly 
upon the eneray used. Heat will alwavs be produced and as nower 
aeneration moves from fossil fuels to nuclear fuels the quanti- 
ties will increase. In addition, heat is released into the 
environment from industrial, transportation, domestic and com- 
mercial sources. The 4000 square miles of the Los Anaeles basin 
now generate in thermal power, the equivalent of more than 5 
percent of the solar eneray absorbed at the around and this amount 
is expected to rise to 18% by 2000.'179) Individual cities. with 
their hiah level of enerqy use, have higher downtown temneratures 
(see Table 111) and are covered by overhead three-dimensional 

heat islands, which act as chimneys to exnel pollutants (Fiaure a). 
Both the "useful" and the "waste" eneray eventually find itself 


heating the environment and one major study concludes that thev 
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"see the possibility of climatically significant chanaes on a 
regional scale in the near future" and that “on a local scale, 


this influence is already very jatpas< bee 


Probably the most siaqnificant and far-reachina effects of our 
continuina rate of qrowth production will be on a alohal scale. 
According to the renort of the Study of Man's Imnact on Cli- 


(12) "there is a distinct nossibilitv that a temnerature 


mate 
rise associated with the anticinated injections of heat and 

C0, into the atmosphere in the next century would result in melt- 
ing of Arctic ice." The reduction in the earth's surface reflec- 
tivity could cause more heat to be absorbed with a consequent 
acceleration of the process. In addition, there may be larae 
chanaes in precipitation, wind systems and ocean currents, which 
could create deserts in formerly productive areas and have other 
serious biological and social consequences. 

Turbidity 

It has been estimated that between 5 and 45 percent of the particu- 


(122) Mucn of 


late matter in the atmosphere is produced by man. 
the man-made particulate is directly emitted durina combustion or 
else is the product of gases produced from the industrial and 
domestic consumption of fuel, the internal combustion enaine, 

the incineration of domestic waste and agricultural burnina. 
Other particles are emitted during some industrial and minina 


processes and indirectly from some food production practices, 


such aS plouahina and overarazina of arid or semi-arid lands. 
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Particulate matter in the atmosphere may cause several drama- 
tic implications, such as scatterina of sunliaht, preventina 

it from reachina the earth's surface, affectina the formation 
of clouds, snow and rain, thus chanaina the vrecinitation 

and temperature balance of the earth. The consensus opinion 

is that this will produce a cooling of the earth and some 


claim it will balance the effects mentioned above. 


It is most unfortunate that more information is not available 
on the lona-ranae environmental effects, for policy makers are 
faced with the nroblem of makina decisions under conditions 

of uncertainty, both with respect to the absolute necessity 

of makina a very maior chanae and with respect to the time 

at which this chanae must be made. However, it is unreal to 
assume that we will be able, some time in the future, to 
balance qlobal warmina trends by coolina trends and maintain 
the earth's natural thermal balance. It is not too early to 
recognize these possibilities and to promote additional work 
directed toward a better understandina of man's impact on the 
climate. 

Predicted Consequences of Exponential Growth 

Many studies have demonstrated that nearly all of man's acti- 
vities (population, power aeneration, industrial arowth, petits 
portation arowth, food nroduction, use of resources, production 


of waste products, to name a few) qrow in an exnonential way. 
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This is, they double time and time aqain every few vears. 
This arowth has not created serious nroblems in the past 
because the limits of the earth's capacity to sustain the 
qrovith have not yet been reached. However, there is srowina 
concern that certain limits are now beina anproached and 

we must soon face the reality of livina in a closed system. 
It is imperative to look ahead and try to predict what sort 
of crises may occur and then try to devise means of avoidina 
them. This is a task fraught with uncertainties’ arising from 
lack of knowledae of our comnlex system and the unoredictable 


reactions of humanity toward change. 


Various arowth predictive models have heen devised in the nast. 
Most of them have underpredicted what actually occurred because 
they were based on near-linear projections. Nuite recently, 
Forrester at “.I.T. has devised a very comprehensive computer 
model which attempts to account for the interaction of manv 
complex inter-relationshins influencing world-wide arowth . 123) 


It is probably the most ambitious attemnt at nredictina the 


future undertaken to date. 


Previously, Forrester has modelled several other complex pro- 


‘ , 124) . 
cesses and his comnuter modelling of urban Tui tee ) is 
particularly well-reaarded by urban planners and is currently 
influencing urban planning. Consequently, his new effort in 


predictina man's future in a much broader sense in World 
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Dynamics (!23) 


is beina widely discussed and debated. His 
complex computer model yields an overall prediction of the 


course of world events. 


In analyzing the world system, he considers 5 narameters 

(1) population, (2) canital investment, (3) natural resources , 
(4) capital devoted to aoriculture and (5) pollution. Thase 
Narameters are considered as parts of "feed-back" mechanisms. 
Tne influence of 52 senarate factors and their inter-denend- 
ence are taken into account. Only the pollution asnects of 
this model are considered here in anv detail. The nollution 
Subsystem is shown in Fiaure 31. Ponulation and canital 
investment influence nollution levels bv actina on the rate 
of pollution aeneration. The rate of nollution aeneration 

is assumed to increase linearly with resnect to increasina 
ponulation. Increased capital investment increases pollution 
generation throuch increased nower aeneration, increased 
processing of raw materials, increased industrial wastes, 
increased use of fertilizers and chemicals in agriculture, 


and by several other factors. 


The ways in which all of the factors, considered, actually 
influence pollution is not known. Consequently, Forrester 
makes broad assumptions ahout these influences which are 


currently being questioned, debated and investigated. for 
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example, he assumed aranhic relationshins from which the 
followina observations are drawn: 

(1) Pollution-aeneration rate is considered to 
increase 8-fold when capital investment 
increases 5-fold. 

(2) Food production, decreases to 59% of the 
present level if nollution increases 25 
times the vresent level. 

(3) Death rate increases to 19 times the present 
rate if pollution increases 69 times the 
present level. 

(4) Birth rate decreases to 50% of the present 
rate if pollution increases 25 times the 


present level. 


Nl] of these assumptions may be immediately questioned. He 
bases them on observations of the general trends. Consequently, 
the levels and time estimates predicted by Forrester are 
probably not accurate. At this time, one should only consider 
the main thrust of his work, and the trends his model predicts 
rather than be concerned about what narticular decade a certain 


trend may develon. 


Many important mineral resources are rapidly approachina denle- 
tion. Table XL aives the numbers of year for which the known 


reserves will last at the 1970 usace rate and at the continued 
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exponential rise in usaqe rate, (125) 


According to Forrester's model, when our present-day system 
is projected into the future without any chances, depletion 
of natural resources is found to he the arowth-limitina 
factor (see Fiqure 32). Population reaches a maximum and 
declines slowly in the next century. Pollution increases 

to several times its present level but does not limit arowth. 
Table XL suagests that we mav indeed be on the path denicted 


in Fiaure 32. 


If technoloav finds wavs to reduce the usace rate of natural 
resources through the wider use of plastics or by recvclina, 
the computer model predicts that pollution emeraes as the 
limitina factor (Fiaure 33). In this case, however, the 
turning point is followed by catastrophic decline in nopula- 


tion in the next centurv. 


In a similar way a number of other strateaies for the future, 
are often discussed. 
(a) continued economic arowth (increased capital 
investment) 
(b) reducina the birth rate 
(c) technological solution to pollution problems 


(d) increased global food production 


all give rise to a "pollution crisis" similar to that denicted 


in Fiqure 33 in the next century. 
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Mercury 
Lead 
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Zinc 
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thay 
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Chromium 


TABLE XL 


Depletion Times for Mineral Resources 


Time to Deplete 
Reserve at 1970 


Rate of Usage (Years) 


14 
18 
Le 
19 
20 
23 
25 
40 
45 
100 
130 
160 
160 
160 
1,00 


560 
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Time to Deplete Reserve 
if 2.5% Increase in 


Usage Rate Continues 


13 
15 
16 
16 
17 
18 
19 
28 
ot 
51 
29 
65 
65 
65 
98 


110 
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Figure 32 - World system projected into the future 
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under present conditions. 
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It is interesting to note, that attemntina to solve the 
pollution crisis shown in Fiqure 33 by annlication of 
technology to reduce nollution aeneration, still produced 
a pollution crisis but at a later date. In this case, 
increased industrial arowth ultimately outpaced pollution 
control. As a result, more people suffered the ultimate 


consequence. 


All of the catastrophic chanaes predicted by Forrester's 

model result from rapid pollution increases at some point 

in time. The assumntion made about the the influence of 
pollution may unrealistically weiaht this factor too stronaly. 
Considerably more thoucht and research of his assumptions 

and the formulation of more accurate ones is clearly warranted. 
Because his present calculations illustrate that nollution 

is a nowerful tricgering influence, the pollution subsystem 

in his model deserves immediate attention. “Moreover, preven- 
tion of a pollution crisis involves control of many factors 


besides those directly related to the environment. 


Only when an unrealistic model, in which it was assumed that 
natural resources are infinite and pollution does not exist, 


did over ponulation emerae as the arowth-limitina factor. 


Forrester has also emnloved his comnuter model to suaadest 


strateaies for avoidina the fates shown in Fiaures 32 and 33. 
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' Figure 33 - Pollution crisis results when natural 
resource usage rate decreased 75% in 1970. 
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(126) 


To date he has been able to produce a kind of steadv- 


state system only by makina relatively drastic chanaes in 
his input startina in the year 1970. The channes needed 
were: 

(a) natural resource usaae rate reduced 75% 

(b) pollution aeneration rate reduced 50% 


(c) capital investment reduced 40%. 


These chanaes resulted in a decreased food availability and 
a decreased birth rate, thereby inducina stability throuah 
hardship. They result in a type of “zero-arowth" society 
shown in Fiaure 34. The concept of "zero-arowth" has also 
been described in detail in another study conducted for the 


Advisory Committee for Eneray. (127) 


Obviously, the chanaes described above would be difficult 

to institute and in fact, since they represent imnosed hard- 
ships, they may not be justifiable. The arowth-oriented 
business world would resist even relatively minor reductions 

in canital investment and resource usage, let alone the 
staqaerina values required by Forrester's computer model. 

The consumption of eneray resources is not likely to be an 
ultimate limitina factor for growth, because of the essentially 


unlimited supply of eneray available from nuclear sources. 
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Figure 34. Steady state induced.by reducing natural 
resource usage rate 75%, pollution generation rate 
50%, and capital investment 40% in 1970. ‘ 
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There is evidence that there may he a neriod of eneray 
shortage in the next two decades durina the conversion 
from fossil fuels to atomic sources. However, the short- 
age will be alleviated if breeder reactors come into 


successful operation in 1985 as exnected. 


The crisis predicted by Forrester, which will result from 
continued exponential qrowth, can be avoided only bv arri- 
ving at a steady state in the world svstem. Three hasic 
actions will be required to move toward a steady state: 
(1) Reduce usage rate of natural resources 
(2) Reduce and redirect capital investment 


(3) Decrease birth rate. 


Many difficulties can be anticinated in chanaina from a nolicy 


of arowth to one of steady-state. 
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